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y Ointment 


BETADINE Ointment is decisively microbicidal. 
it kills all five major classes of pathogens: 
both gram-positive and gram-negative 
bacteria (including antibiotic-resistant 
Strains), fungi, viruses, yeasts and protozoa. 
And its microbicidal activity is maintained in 
the presence of blood, pus, serum and 
necrotic tissue. 


BETADINE Ointment (povidone-iodine) F 6 a 
contains no hexachlorophene and is virtually D Ji J 
nonirritating. It’s not greasy or sticky, and J 
easily washes off skin or natural fabrics. The 
application site can be bandaged. 


Supplied in Ye-oz. pouchettes, 1-0z. tubes and 
16-02. (1 |b.) jars. 


Purdue Frederick 
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foam, medicates the anorectal mucosa 
< more rapidly and thoroughly 

¢_ thansuppositories “ 


|e better contact with the involved tissues;+© spreads 
' evenly throughout anal canal, rectal crypts, papillae 
1 and hemorrhoidal sites. 
| e unlike suppositories, won’t “bypass” areas of pathol- 
ogy often missed by creams and suppositories.!:456 
e unlike suppositories°—spreads evenly, with no 
need to melt. 


Proctofoam-HC offers greater 
promise of a short and pain-free 
postoperative period 


e faster wound healing!35 (21⁄2 to 3 weeks instead of 
the expected 3% to 4 weeks).° 

e less scar formation—wounds more pliable, with 
clean, healthy-looking, granulating tissue. 

e less edema, inflammation, swelling, itching, pain 
and tenesmus.1:3:56 

e preferred by patients over other forms of therapy.14 


Compared to suppositories, 
'roctofoam-HC provides greater patient 
comfort, convenience and economy 


e measured-dose applicator facilitates self-admin- 
istration with minimal discomfort! and eliminates 
finger contact with perianal area. 

e mucoadhesive foam won't leak or stain.?:4 

e foam container requires no refrigeration. 

e fess than half the cost of hydrocortisone-containing 
suppositories per application. 
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unique EORR foam 


Proctofoam-HC 


Each measured dose (approx. 6.5 ml.) delivers 
hydrocortisone acetate 1%, pramoxine hydrochloride 1%, 
in a water-soluble, mucoadhesive foam base. 


antiinflammatory /antipruritic/ analgesic 


References: 1. Bernstein, l.: Surg. Dig. 4:23, Jan. 1969. 
2. Sladek, W. R.: Scientific Exhibit, 69th Annual Meet- 
ing of American Proctologic Society, April 1970. 

3. Sladek, W. R.: Amer. J. Clin. Res. 1:33, Jan.-Feb. 1970. 
4. O'Brien, J. R.: Surg. Dig. 4:27, April 1969. 5. Miller, H.: 
Amer. J. Proctol. 18:59, Feb. 1967. 6. Lieberman, W.: 
Amer. J. Proctol. 20:134, April 1969. 

Active Ingredients: Hydrocortisone acetate, 1%, 

and pramoxine hydrochloride, 1%, in a mucoadhesive 
foam base. 

Indications: Temporary relief of anorectal inflammation, 
pruritus, pain and swelling associated with hemorrhoids, 
proctitis, cryptitis, fissures, postoperative pain and 
pruritus ani. 

Contraindications: Abscess, extensive fistulas or sinus 
tracts, tuberculosis, varicella, vaccinia or acute herpes 
simplex. 

Precautions: A complete rectal examination to rule out 
serious pathology should be completed before instituting 
therapy. Do not use on infected lesions unless accom- 
panied by antiinfective agents. Discontinue use if 
sensitivity develops. 

Caution: Do not insert any part of the aerosol container 
into the anus. Contents of the container are under pres- 
sure, but not flammable. 

Dosage: One applicatorful two or three times daily and 
after each bowel evacuation. Perianally, apply as needed. 
How Supplied: In aerosol container providing 15 Gms. 

of medication (approx. 25 applications) with special rec- 
tal applicator and patient instructions. ie 


Reed & Carnrick/ Kenilworth, N.J. 07033 
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Constipating E and sedatives.. 


immobilization.. 


.reduced food and fluid 


intake... constipation common... fecal 


impaction a threat to be avoided... 





Gentle and adicto. with 
colon-specific SENOKOT Tablets/ 
Granules. Virtually free from side 
effects in appropriate dosage. 


Supplied: SENOKOT Tablets 
(small, easy-to-swallow)— Bottles 
of 50 and 100. SENOKOT 
Granules (delicious, cocoa- 
flavored)—4, 8 and 16 ounce 

(1 Ib.) canisters. 
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Duodenal ulcer... 
Maalox: 


Why do people develop duodenal ulcers? 

No one knows with certainty ...yet. Competitiveness? 
Perhaps. Stress? Aggressiveness? All probably play their parts. 

But one thing is certain: in a disease characterized by a 
gastric-acid output that may be four times normal, antacid therapy 
is a vital adjunct to effective clinical management. 

That’s where Maalox comes in. It’s America’s number 
one antacid. And has been for years. The reasons? 

Maalox does precisely what an antacid, ideally, is 
intended to do. It works fast. It neutralizes effectively. It doesn't 
constipate. And its pleasant taste is well tolerated—definitely a 
major consideration in long-term therapy. 

In any ulcer regimen, as you know, there are many 
factors to consider. But the inclusion of Maalox, as the antacid of 
choice, gives you and your patient one less thing to worry about. 


Maalox’ Suspension 


(12 fl. oz. and 5 fl. oz. [plastic bottle] ). 


Maalox® No. 1 Tablets (0.4 Gm.) 


—no sugar and low in sodium. 


Maalox” No. 2 Tablets (0.8 cm. 


—the “chew” tablet with double antacid action. 


- Maalox’ 


(a balanced combination of 
magnesium and aluminum hydroxides) 


the number one antacid 


roger WILLIAM H. RORER, INC. 
Fort Washington, Pa. 19034 
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n Pain 
Cries for Relief! 


Start oral DILAUDID (hydromorphone) 
2 to 4 mg. every four hours... to 
alleviate moderate to severe pain... 
well tolerated ... minimal sedation 


CONTRAINDICATIONS: Intracranial lesions associated with increased intracranial 
pressure, status asthmaticus. WARNINGS: May be habit forming. If given intravenously, 
injection should be given very slowly. PRECAUTIONS: Usual precautions for admini- 
stration of opiate analgesics should be observed; the possibility of respiratory 
depression should be kept in mind. If significant respiratory depression should occur, 
it may be antagonized by the use of nalorphine hydrochloride or levallorphan tartrate. 

aes ADVERSE REACTIONS: Nausea, vomiting, dizziness, somnolence, anorexia and consti- 
Mes s i : pation may occur. Rapid intravenous injection increases the possibility of hypotension 


SSS ee and respiratory depression. HOW SUPPLIED: Tablets — 1 mg., 2 mg., 3 mg., 4 mg. 
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\ l E rm 3 mg., and 4 mg. per mi. with 0.2% sodium citrate, 0.2% citric acid solution. Cough 
manani Syrup — 1 mg. Dilaudid hydrochloride and 100 mg. glyceryl guaiacolate per § ml. 
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A Schedule II (@) narcotic. Requires Federal BND order form. è 


Dilaudid 


Chydromorphonel) 


KNOLL PHARMACEUTICAL COMPANY .: WHIPPANY, NEW JERSEY 07981 
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Only if it's Avazyme“ or Avazyme®- 


After 30 minutes in human intestinal juice “63% 
of chymotryspin was still enzymatically active, 
whereas only 8% of the original trypsin activity 
could be detected.” 

So if you're not getting the results you want from 





| \ proteo lytic ¢ enzyme ta blet 
eee. 
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100! And it can make a difference 


oral proteolytic enzymes, try the only all-chymo- 
trypsin tablet. AVAZYME® (crystalline chymotryp- 
sin—20 mg.) and double-strength AVAZYME®-100 
(crystalline chymotrypsin — 40 mg.). 


1. Wohlman, A. et al: Proc. Soc. Exp. Biol. & Med., 109: 26, 1962. 





AVAZYME®: Each yellow tablet contains 20 mg. of crystal- 
line chymotrypsin equivalent in proteolytic activity to 50,000 
Wampole units (20,000 N.F. Units). The tablets have a special 
enteric coat to insure release in the intestine. 


INDICATIONS 


e Based on a review of this drug by the National Academy of 
Sciences — National Research Council and/or other informa- 
tion, FDA has classified the indications as follows: 

“Possibly” effective: Relief of symptoms related to episi- 


otomy. 

Lack of substantial evidence of effectiveness: Adjunctive 
therapy for the resolution of inflammation and edema result- 
ing from serious accidental trauma or surgical trauma. 

Final classification of the less-than-effective indications re- 
quires further investigation. 


ACTION: The experimental evidence for the anti-inflamma- 
tory action of chymotrypsin and other orally administered 
anti-inflammatory enzymes is based on animal studies. 





CONTRAINDICATIONS: This drug is contraindicated in 
patients with a history of a prior allergic reaction to chymo- 
trypsin. 

WARNING: USE IN PREGNANCY — Safe use of this drug 
during pregnancy has not been established. 

ADVERSE REACTIONS: An occasional patient may expe- 
rience nausea, vomiting, diarrhea, and skin rash. 

DOSAGE AND ADMINISTRATION: In mild conditions, 
one tablet four times daily. For more severe conditions, two 
tablets four times daily. There are no known incompatibilities. 
DISCUSSION OF CLINICAL USE: Controlled -clinical 
studies have demonstrated the anti-inflammatory action of 
Avazyme (Crystalline Chymotrypsin) in cases of urologic 
surgery, episiotomy, and surgery of the head and neck. Cor- 
roborative evidence in support of the clinical efficacy has been 
obtained upon treatment of inflammatory conditions resulting 
from surgical and accidental trauma. 

ALSO AVAILABLE: AVAZYME®-100. White tablets 
containing crystalline chymotrypsin equivalent in proteolytic 
activity to 100,000 Wampole Units (approximately 40 mg.). 


WAMPOLE LABORATORIES, Div. Denver Chemical Mfg. Co., Stamford, Ct. 06904 • In Canada: Denver Laboratories (Canada) Ltd., Toronto 
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-Ketalar 
(Ketamine HCl) 


Progress 
Report 


One year of nationwide HOS jam ai 
clinical use; one decade of [rera aR ip 
research and development | MA 
at Parke-Davis. A continu- 





ing program that has 

made KETALAR anesthesia 

aay In routine induction, 
a smooth, 

In high-risk surgery, uncomplicated start 

an added measure KETALAR provides efficient 

of safety induction for practically any 
anesthetic regimen and is ad- 

KETALAR lessens surgical risk ministered I.M. or LV. which 

for many emergency and greatly simplifies the proce- 


dure for children and adults 
alike. KETALAR is also clini- 
Z. \cally compatible with com- 
vy |monly used general anes- 

#4 \thetics, pre- and postanes- 

; |thetic medications, includ- 
ing anticholinergics, muscle 
relaxants, and tranquilizers. 


“poor-risk” patients. It often 
elevates blood pressure. It 
usually affects respiration 
minimally and leaves pro- 
tective laryngeal-pharyngeal 
reflexes intact. Airway pa- 
tency can usually be main- 
tained without intubation. 
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In short procedures, absence of tachyphylaxis 


more problems and organ/tissue accumula- 
tion is a definite plus in re- 

solved, fewer petitive procedures. Grow- 

created ing experience with 


KETALAR, as sole agent, KETALAR shows that emer- 


simplifies and improves an-_ {gence reactions can be ef- 
esthesia in a host of “prob- _ |fectively reduced by allow- 
lem procedures.” It has ing patients to awaken 
proven to be especially valu- naturally with minimal ver- 
able in the management of bal or tactile stimulation, 
severe burn patients, and its |and, where indicated, by 
rapid and profound anal- [employing agents such as 
gesic effect provides a major droperidol or diazepam. 
advantage in numerous E 

painful diagnostic tests and In pediatrics, a new 
short surgical procedures |era in anesthesia 
not requiring skeletal mus- 

cle relaxation. The virtual | KETALAR anesthesia repre- 
sents a milestone in the 
management of infants and 
children. It offers — for the 
first time — efficient general 
anesthesia by intramuscular 
injection. In terms of both 
efficacy and convenience, 
the clinical experience with 
1|KETALAR may qualify it in 
many instances as the agent 
of choice for pediatric 
anesthesia. 

t =e | KETALAR UPDATE: 

@ it!) | Now indicated for use in 
cardiac catheterization. 
Now available in new 

100 mg./ml., 5 ml. vials 

for IM use. 





See next page for prescribing information. 


Ketalar’ 
(KetamineHCl) 
Parke-Davis 


advancement in 
anesthesiology 
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advancement in [XI Kétalar’ 


KETALAR (Ketamine Hydrochloride) 


SPECIAL NOTE: EMERGENCE REACTIONS HAVE OC- 
CURRED IN APPROXIMATELY 12 PER CENT OF PA- 
TIENTS. 

THE PSYCHOLOGICAL MANIFESTATIONS VARY IN SE- 
VERITY BETWEEN PLEASANT DREAM-LIKE STATES, 
VIVID IMAGERY, HALLUCINATIONS AND EMERGENCE 
DELIRIUM. IN SOME CASES THESE STATES HAVE BEEN 
ACCOMPANIED BY CONFUSION, EXCITEMENT, AND 
IRRATIONAL BEHAVIOR WHICH A FEW PATIENTS RE- 
CALL AS AN UNPLEASANT EXPERIENCE. THE DURA- 
TION ORDINARILY LASTS NO MORE THAN A FEW 
HOURS; IN A FEW CASES, HOWEVER, RECURRENCES 
HAVE TAKEN PLACE UP TO 24 HOURS POSTOPERA- 


© TIVELY, NO RESIDUAL PSYCHOLOGICAL EFFECTS ARE 


KNOWN TO HAVE RESULTED FROM USE OF KETALAR. 
THE INCIDENCE OF THESE EMERGENCE PHENOMENA 
IS LEAST IN THE YOUNG (15 YEARS OF AGE OR LESS) 


AND ELDERLY (OVER 65 YEARS OF AGE) PATIENT. 


ALSO, THEY ARE LESS FREQUENT WHEN THE DRUG IS 
GIVEN INTRAMUSCULARLY. 


THESE REACTIONS MAY BE REDUCED IF VERBAL, TAC- 
TILE, AND VISUAL STIMULATION OF THE PATIENT IS 
MINIMIZED DURING THE RECOVERY PERIOD. THIS 
DOES NOT PRECLUDE THE MONITORING OF VITAL 
SIGNS. IN ADDITION, THE USE OF A SMALL HYP- 
NOTIC-DOSE OF A SHORT-ACTING OR ULTRASHORT- 
ACTING BARBITURATE OR OTHER AGENT SUCH AS 
DIAZEPAM MAY BE REQUIRED TO TERMINATE A 
SEVERE EMERGENCE REACTION. CERTAIN DRUGS 


SUCH AS DROPERIDOL OR DIAZEPAM INTRAMUS- 


CULARLY HAVE ALSO BEEN USED IN AN ATTEMPT 
TO REDUCE THE INCIDENCE OF EMERGENCE REAC- 
TIONS: SUFFICIENT DATA HAVE NOT YET BEEN 
ACCUMULATED TO CONSTITUTE THOROUGH DOC- 
UMENTATION. THE INCIDENCE OF EMERGENCE RE- 
ACTIONS IS REDUCED AS EXPERIENCE WITH THE 
DRUG IS GAINED. 

WHEN KETALAR IS USED ON AN OUTPATIENT BASIS, 
THE PATIENT SHOULD NOT BE RELEASED UNTIL RE- 
COVERY FROM ANESTHESIA IS COMPLETE AND THEN 
SHOULD BE ACCOMPANIED BY A RESPONSIBLE 
ADULT. 


INDICATIONS: Ketalar is recommended: 1, as the sole 
anesthetic agent for diagnostic and surgical procedures 
that do not require skeletal muscle relaxation. Ketalar 
is best suited for short procedures but it can be used, 
with additional doses, for longer procedures. 2. for the 
induction of anesthesia prior to the administration of 
other general anesthetic agents. 3. to supplement low- 
potency agents, such as nitrous oxide. 


See package insert for full prescribing information. 


CONTRAINDICATIONS: Ketalar is contraindicated in 
persons in whom a significant elevation of blood pres- 
sure would constitute a serious hazard and those who 
have shown hypersensitivity to the drug. 


WARNINGS: Ketalar should be used by or under the 
direction of physicians experienced in administering 
general anesthetics and in maintenance of an airway 
and in the, control of respiration. Cardiac function 
should be continually monitored during the procedure 
in patients found to have hypertension or cardiac de- 
compensation, Barbiturates and Ketalar should not be 
injected from the same syringe. Prolonged recovery 
time may occur if barbiturates and/or narcotics are 
used concurrently with Ketalar. Postoperative confu- 


sional states may occur during the recovery period. 
Respiratory depression may occur with over-dosage or 
too rapid a rate of administration of Ketalar in which 
case supportive ventilation should be employed. Me- 
chanical support of respiration is preferred to adminis- 
tration of analeptics. 


USAGE IN PREGNANCY: Since the safe use in preg- 
nancy, including obstetrics, has not been established, 
such use is not recommended. 


PRECAUTIONS: Because pharyngeal and laryngeal! re- 
flexes are usually active, Ketalar should not be used 
alone in surgery or diagnostic procedures of the 
pharynx, Jarynx, or bronchial tree. Mechanical stimula- 
tion of the pharynx should be avoided, whenever pos- 
sible, if Ketalar is used alone. Muscle relaxants, with 
proper attention to respiration, may be required in both 
of these instances. Resuscitative equipment should be 
ready for use. The incidence of emergence reactions 
may be reduced if verbal and tactile stimulation of the 
patient is minimized during the recovery period. This 
does not preclude the monitoring of vital signs (see 
Special Note). The intravenous dose should be admin- 
istered over a period of 60 seconds. More rapid admin- 
istration may result in respiratory depression or apnea 
and enhanced pressor response. In surgical procedures 
involving visceral pain pathways, Ketalar should be sup- 
plemented with an agent which obtunds visceral pain. 
Use with caution in the chronic alcoholic and the 
acutely alcohol-intoxicated patient. An increase in cere- 
brospinal fluid pressure has been reported following 
administration of ketamine hydrochloride. Use with ex- 
treme caution in patients with preanesthetic elevated 
cerebrospinal fluid pressure. 


ADVERSE REACTIONS: Cardiovascular: Blood pressure 
and pulse rate are frequently elevated following admin- 
istration of Ketalar. However, hypotension and brady- 
cardia have been observed. Arrhythmia has also 
occurred. 


Respiration: Although respiration is frequently stimu- 
lated, severe depression of respiration or apnea may 
occur following rapid intravenous administration of 
high doses of Ketalar. Laryngospasms and other forms 
of airway obstruction have occurred during Ketalar an- 
esthesia. 


Fye: Diplopia and nystagmus have been noted follow- 
ing Ketalar administration. It also may cause a slight 
elevation in intraocular pressure measurement. 


Psychological: (See Special Note). 


Neurological: In some patients, enhanced skeletal mus- 
cle tone may be manifested by tonic and clonic move- 
ments sometimes resembling seizures. 


Gastrointestinal: Anorexia, nausea or vomiting have 
been observed; however this is not usually severe and 
allows the great majority of patients to take liquids by 
mouth shortly after regaining consciousness. 


General: Local pain and exanthema at the injection site 
have infrequently been reported. Transient erythema 
and/or moroilliform rash have also been reported. 


HOW SUPPLIED: Ketalar solutions containing the hy- 
drochloride in concentrations equivalent to ketamine 
base are available in 5, 10, 20, and 50 mi. vials. These 
vials contain 100, 50, 10, and 10 mg./ml., respectively. 
Each vial is supplied individually and in cartons of 10. 
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Management of Acute Stress Ulcer after Cardiac Surgery 


CUTE STRESS ULCERATION of the stomach and duode- 
A num is being reported with increasing frequency 
after severe injuries, major burns, prolonged hypotension, 
during episodes of sepsis, while on steroid therapy, and 
after surgical procedures on the brain, major arteries 
and the heart. Frequently, massive hemorrhage from 
single or multiple stress ulcers occurs in patients who 
are in the early recovery period after major surgical 
procedures or who have been weakened by complications 
such as sepsis, cardiorespiratory insufficiency, renal fail- 
ure, or cerebrovascular accident. The resultant mortality 
and morbidity from an additional surgical procedure in 
patients with stress ulcers have been high, ranging from 


- 40% to 60% or higher in many reported series )°3-67 


At present there is no standard or uniformly effective 
approach to this serious complication, partly because 
the underlying pathophysiology has not been clearly 
defined. 

At the Cleveland Clinic, we have had a large ex- 
perience with stress ulceration which occurred after 
cardiac surgery. We believe early surgical intervention 
is indicated in cases of hemorrhage unresponsive to 
intensive medical therapy. Since the stress-provoking 
situation may be only temporary, and because these 
patients often have a weakened physiologic reserve, we 
believe that conservative operations, whenever possible, 
may be the definitive surgical treatment. 

Clinical Material 
From 1964 through 1970 more than 5000 cardiac 
surgical procedures were performed at the Cleveland 
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Clinic Hospital. This particular group of patients was 
selected for study because they represent an homogeneous 
type of stress and were subject to common stress fac- 
tors during the early recovery period. Acute stress 
ulceration of the stomach or duodenum developed in 
38 patients during the early postoperative period; 26 
required emergency surgical intervention, and 12 patients 
were given intensive medical treatment only. Patients 
who had a history of peptic ulcer disease were not ex- 
cluded from this study. The patients were from 14 to 
65 years old (average 53 years). There were 29 men 
and 9 women (Table 1). 

Previous Ulcer History. Twelve of the 38 patients 


had a definite history of previous peptic ulcer disease. 


In most patients, however, the symptoms had subsided 
years before cardiac surgery. Table 1 summarizes the 
above data with the 38 patients classified into medical 
and surgical groups. 

Cardiac Diagnosis and Operation. In 28 patients 
(73.6%) myocardial revascularization procedures for 
coronary artery disease were performed. Nine patients 
(23.6%) had open-heart surgery for valvular disease, 
and one patient underwent correction for tetralogy of 
Fallot. Twenty-two (57.9%) of the cardiac procedures 
required extracorporeal circulation during the opera- 





9 TAYLOR, LOOP AND HERMANN 


TABLE 1. Stress Ulcer in 38 Patients after Cardiac Surgery— 


Comparison of Medical and Surgical Groups 


Surgical Medical Total 
Treatment, Treatment, Group 
f 26 Patients 12 Patients Y% 
Average Age 52 53 
* Sex 
Men 19 10 76.3 
Women 7 2 23.7 
Previous Ulcer History 6 6 31.5 
Cardiac Diagnosis 
Coronary artery disease 18 10 73.6 
Valvular heart disease 7 2 23.6 
Congenital heart disease Í 0 2.8 
Pump Cases 16 6 57.9 


Stress Factors 


Psychological Stress. Patients undergoing cardiac 
surgery are subject to considerable emotional stress. 
Although mortality rates are low, particularly with 
myocardial revascularization procedures, many patients 
fear that they may not survive the operation. The added 
stress of modern postoperative intensive care units, with 
the almost constant stress-provoking activity and the 
temporary dissociation from normal day and night se- 
quences, serve to compound the emotional stress ex- 
periénced by each patient. 

Physiological Stress. Although open-heart surgical 
procedures have been greatly simplified and operative 
time significantly shortened, the necessity of extracor- 
` poreal circulation, the operative manipulation of the 
_ heart or its arteries, and the occasional need for large 
quantities of transfused blood place a definite physi- 
ological ‘stress on each patient. 

_ Postoperative C omplications. Other stress factors 
identified in the 38 patients in whom stress ulcers 
developed are summarized in Table 3. Postoperative 
myocardial infarction (diagnosed by electrocardiographic 


TABLE 2. Heart Operations—-38 Patients 
Number of 
Patients 
Myocardial Revascularization 
Internal mammary artery implantation 15 
Saphenous vein bypass 7 
Direct coronary artery dilation 2 
Ventricular aneurysmectomy 4 


Surgery for Valvular Heart Disease 
Open mitral commissurotomy 1 
Mitral valve replacement ` 3 
Aortic valve replacement 2 
Open mitral commissurotomy plus aortic valve 


replacement 1 
Mitral valve replacement plus aortic valve 
replacement 2 
Congenital Heart Disease 
Tetralogy of Fallot 1 


Total 38 
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TABLE 3. Stress Factors after Heart Operations 


Factors Number of Patients 


Postoperative myocardial infarction 
Reoperation for bleeding 

Respiratory insufficiency 

Congestive heart failure 

Arrhythmia with hypotension 
Peripheral arterial embolization 
Thrombophlebitis 

Postoperative cerebrovascular accident 
Sepsis and leaking valve prosthesis 
None 
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findings and elevated cardiac enzymes) developed in 
eight patients; in most instances, they did not have 
significant episodes of hypotension. Seven patients re- 
quired reoperation, six for continued bleeding from 
within the chest during the early hours after cardiac 
surgery and one patient because of the development of 
a septic prosthetic valve with secondary periprosthetic 
leak. Postoperative respiratory insufficiency and pneu- 
monia developed in five patients, in four of whom 
tracheostomy and respiratory assist devices were re- 
quired. Three patients were receiving heparin at the 
onset of bleeding, one patient because of thrombo- 
phlebitis and two patients because of peripheral arterial 
embolization (one patient required embolectomy ). Thir- 
teen of the 38 patients had an uncomplicated post- 
operative course until stress ulcers developed. Long- 
term use of steroid drugs could not be incriminated as 
contributing to the development of any stress ulcer in 
this group of patients. 


Pathology 


The variation in number, location, and severity of 
ulcers found at operation was impressive. In this group 
of patients, slightly more than a third of the patients 
had multiple ulcers, the majority occurring in the stomach 
(Table 4). Another third had single ulcers, usually in 
the duodenum. In two patients with single duodenal 
ulcers, perforation was found at operation. One of these 
ulcers had eroded into the gastroduodenal artery and 
operation was performed to control massive hemorrhage. 


TABLE 4. Stress Ulcers Found at Operation 


Number of 
Patients 

Multiple Ulcers 10 
Gastric 8 
Duodenal 2 

Single Ulcers 8 
Duodenal 7 
Gastric 1 

Erosive Gastroduodenttis 7 

Erosive Jejunttis 1 

Total 26 


+ 
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In the second case, there was no associated bleeding 
and exploratory laparotomy was undertaken because of 
an acute surgical abdomen with intraperitoneal air. 
Seven patients had diffuse erosive gastroduodenitis. 
One patient with sudden, massive bleeding had an 
erosive, ulcerative process in a 3-foot segment of je- 
junum. Careful inspection at operation did not reveal 
any erosions in the stomach or duodenum. 


Medical and Surgical Treatment 


Onset of Symptoms. In 16 patients, the onset of 
upper g gastrointestinal bleeding occurred during the first 
5 days. after cardiac surgery. In 17 patients, bleeding 
began during the second postoperative week (6 to 10 

days). In the remaining five patients, bleeding did not 
begin until after the 10th dav (11 to 27 days), one 
patient had no signs of bleeding until the 27th post- 
operative day. 

In 12 patients the bleeding was controlled by medical 
treatment; of these patients eight had melena alone, 
but four also had associated hematemesis. An average 
of four units of whole blood were required for the 
patients treated medically. 

The gastrointestinal bleeding was more severe, with 
associated hematemesis and frequent bloody bowel 
movements, in the majority of the 26 patients who re- 
quired operation. The average transfusion requirement 
prior to operation was six units of whole blood. 
Twenty-one of these 26 patients were operated on 
within 24 hours after the onset of bleeding or perfora- 
tion. In five patients, the rate of bleeding was less 
rapid and initially appeared to respond to medical 
treatment. These patients required surgical intervention 
from 2 to 5 days after the onset of bleeding. It was 
- interesting that complaints of epigastric pain or distress 
were almost nonexistent in the 38 patients. 

Medical Treatment. When the diagnosis of stress 
ulcer was made, an intensive medical program in ac- 
cordance with the severity of bleeding was begun. If, 
at the outset, the bleeding appeared to be moderately 
severe or massive, a large lumen nasogastric tube was 
used for iced saline latae and the administration of 
antacid solutions. The tube also served as an important 
monitoring device to assess the degree of continuing 
hemorrhage and to prevent vomiting and aspiration. 
Unless contraindicated, all patients were given large 
doses of tranquilizers. Whenever possible, fresh whole 
blood was used for volume replacement. Vitamin K 
was frequently given parenterally, even though a coag- 
ulation defect was not suspected or demonstrated clini- 
cally, When the bleeding subsided the nasogastric tube 
was removed, and as soon as tolerated, a strict eras 
antacid program consisting of interval feedings of « 
bland diet was begun. 
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TABLE 5. Operations Performed in 26 Patients 
Number of 
Operation Patients 
Vagotomy and pyloroplasty Aue oversewing ulcer 17 


i 
Vagotomy and pyloroplasty plus wedge gastrectomy } 
Vagotomy and pyloroplasty plus resection of jejunum 1 
Vagotomy and gastric resection 4 
Subtotal eastrectomy 3 
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Surgical Treatment. When it became apparent that 
the patient was not responding to medical treatment 
and was continuing to bleed beyond a reasonable number 
of blood transfusions, immediate surgical intervention was 
undertaken. As a general rule, we have considered the 
replacement of six units of whole blood (roughly one- 
half body blood volume) given during a 24 to 48 hours 
period to be an e for surgical intervention. In 
some patients severe hemorrhage required immediate 
operation; in other patients bleeding persisted for 48 
hours before operation. z 

The specific operative procedures performed oñ the 
26 patients who required surgical control of the-ulcer 
diathesis are listed in Table 5. It is apparent that we 
have preferred truncal vagotomy and pyloroplasty with 
OV ersewing of the ulcer or limited resections as a faster 
and “lesser” surgical procedure in the majority. of these 
patients (19 patients), although seven subtotal gastric 
resections were performed, Da: with vagotomy. ‘ 

When possible, vagotomy was performed before the 
stomach was opened. A long gastrotomy incision was 
made (Fig. 1) for inspection of the entire gastric 
mucosa. When multiple bleeding ulcers were found, 
these were suture-ligated. After an adequate Kocher 
maneuver, a longitudinal incision was made across the 
pylorus to visualize the distal antrum, pyloric channel, 
and duodenum. Any bleeding ulcers were again suture- 
ligated and the pyloric i incision was closed transversely in 
a Heineke-Mikulicz pyloroplasty with a single layer of 
interrupted silk sutures. The gastrotomy opening was 
closed in two layers. When the ulcerative process could 
not be controlled by vagotomy and pyloroplasty with 
suture-ligation of bleeding ulcerations or when the erosive 
process seemed unusually severe, a gastric resection was 
performed. Postoperatively, a sump type of nasogastric 
tube, connected to low Gomco suction or gravity. drain- 
age, was used with limited irrigation of the stomach 
to prevent further irritation and bleeding from -the 
friable gastric mucosa. 


Results 


The overall mortality (30 days or in-hospital death) 
for these 38 patients after medical and surgical treatment 
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Fic. 1. Artist’s drawing showing gastric and pyloric incisions fol- 
lowing truncal vagotomy. It is important to inspect all of the gastro- 
duodenal mucosa for discrete bleeding ulcers. 


was 23.6% (Table 6). Only one patient, severely bleed- 
ing and comatose from a massive cerebrovascular ac- 
cident, died during medical therapy. In the 11 other 
patients treated medically, the bleeding stopped promptly. 

There were eight deaths after surgical treatment, an 
operative mortality of 30.7%; seven of these eight 
patients died from cardiovascular or pulmonary compli- 
cations. Only one patient in the surgical group died 
from continuing or uncontrolled hemorrhage. This pa- 
tient had a vagotomy and pyloroplasty followed by a 
95% gastric resection; he continued to bleed and died 
of a pulmonary embolus. 

Reoperation was necessary in two other patients; one 
patient required a gastric resection for a second, massive 
bleeding episode 1 week after vagotomy and _ pyloro- 
plasty, and reoperation was performed in the other 
patient, who initially had gastric resection, because of 
leakage from the suture line of the anastomosis. The 





TABLE 6. Mortality after Medical and Surgical Treatment of Acute 
Stress Ulcers in 38 Patients 
Mortality, 
Patients Percent 

Overall mortality 9/38 23.6 
Medical treatment 1/12 8.3 
Surgical treatment 8/26 30:7 

Vagotomy and pyloroplasty 6/19 31.6 

Gastric resection with or without 2/7 28.6 


vagotomy 
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latter patient died of a myocardial infarction after the 
second procedure. 

Seven other patients had minor recurrent bleeding 
after surgical treatment (all had vagotomy and pylo- 
roplasty ) but none of these patients required reoperation. 
An average of two to three whole blood transfusions 
were given for these bleeding episodes. 

The major cause of death in each of the eight patients 
who died after their gastric operation was cardio- 
pulmonary insufficiency secondary to congestive heart 
failure, pneumonia, and sepsis. Recurrent gastrointes- 
tinal bleeding was a factor in only one of these patients. 
For the entire group of patients, mortality as a result 
of recurrent or uncontrolled bleeding was 5.3%; death 
resulted from cardiorespiratory complications in 18.4%. 


Discussion 


These cases represent a homogeneous group of patients 
with a true stress ulcer diathesis, All of the patients 
underwent major cardiac surgical procedures and a 
significant number had secondary complications prior to 
the onset of the stress ulcer syndrome. During the last 
2 years, the morbidity and mortality of cardiac surgery 
has continued to decline. The incidence of stress ulcers 
has also markedly declined. 

Whatever factors combine to cause stress ulceration 
of the stomach or duodenum, it is our distinct clinical 
impression that these factors are temporary. Prolonged 
hypotension, sepsis, and cardiac or pulmonary insuffi- 
ciency contribute to the stress of any major surgical 
procedure. If such complications can be controlled or 
alleviated in a short period, mild or even moderate 
stress bleeding may be brought under control by medical 
means. Only emergency surgical intervention may save 
the patient if massive hemorrhage requiring rapid or 
major blood volume replacement develops. 

In our experience with stress bleeding after cardiac 
surgery, we have found that vagotomy and pyloroplasty 
with oversewing of the bleeding ulcers stopped the 
bleeding and controlled the ulcer diathesis in the ma- 
jority of patients. We have reserved vagotomy and 
gastric resection for those patients who continued to 
bleed after vagotomy and pyloroplasty or who had 
an unusually severe erosive process. This conservative 
approach has resulted in a lower mortality and morhidity 
than has been generally reported. We found that re- 
current bleeding after a conservative operation was a 
problem in only two patients who required reoperation; 
in seven additional patients it was minor and ceased 
after a day or two. Only one of the 26 patients who 
underwent surgical treatment died as a result of con- 
tinuing hemorrhage. 

Many surgeons have advocated a subtotal, or total 
gastrectomy as the standard surgical approach to all 
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stress ulcers.'°-* We do not feel that this operative ap- 
proach, with its potentially higher morbidity and mor- 
tality, is justified for all patients with stress ulcers, even 
though the present study does not document a higher 
mortality for gastric resection in this series. Vagotomy 
and gastric resection may be indicated as the primary 
operative procedure in patients who develop stress 
ulcers after a major burn or a severe injury, both of 
which represent a continuing stress. 

We agree with Kirtley, Scott, Sawyers et al.,* that 
the etiology of stress ulcer remains unknown and that 
surgical treatment is empiric. Most studies have em- 
phasized the role of vagotomy in decreasing blood flow 
to the gastric mucosa. On the basis of our clinical ex- 
perience, we continue to advocate conservative ulcer 
operations, vagotomy and pvloroplasty with suture liga- 
tion of the ulcers or, when necessary, vagotomy and 
antrectomy in the treatment of stress ulcers. 


Summary 


In this report, 38 patients are discussed who developed 
stress ulcers after cardiac surgery. Twenty-six patients 
required surgical intervention for control of massive 
hemorrhage or perforation; in 12, the bleeding subsided 
with intensive medical treatment. Because we believe 
whatever factors combine to provoke the stress ulcer 
syndrome are generally temporary, we have favored 
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the more conservative operative approach of vagotomy 
and pyloroplasty with oversewing of the bleeding ulcers 
as opposed to the more extensive procedure of gastric 
resection which may result in a higher morbidity and 
mortality. In this group of patients, the incidence of* 
recurrent bleeding following vagotomy and pyloroplasty, 
with oversewing of bleeding ulcers was not a signif- 
icant problem. 
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IGH SPEED automotive travel, having become avail- 
H able to millions of people during recent years, has 
resulted in an increasing incidence of injuries from blunt 
trauma.!®?° One of the most lethal of all intrathoracic 
injuries caused by blunt trauma is rupture of the thoracic 
aorta. 

The purpose of this communication is to describe 
six patients with rupture of the thoracic aorta from 
blunt trauma, one of whom has previously been re- 
ported,” treated in the immediate postinjury period dur- 
ing. the-last.4 years at Grady Memorial and Emory 
University Hospitals and to review the English literature 
on the:early and delayed repair of this lesion. 


Case Reports 


Case 1. B. J. D., a 27-year-old woman, was injured in an auto- 
mobile accident in June, 1968. Admission blood pressure in the 
right upper extremity was 120/70 mm. Hg. Pulse was 110/minute 
with diminished amplitude over the left radial artery, and respira- 
tions were labored at a rate of 26/minute. Subcutaneous emphy- 
sema was present over the anterior chestwall, which moved para- 
doxically with respiration. A chest roentgenogram revealed a right 
scapular fracture, bilateral pneumothorax, and widening of the 
superior mediastinum, Hematocrit was 42%, Bilateral tube thora- 
costomies and tracheostomy were performed and assisted ventila- 
tion was instituted. 

Soon after admission, in addition to anterior chest pain, the pa- 
tient complained of severe midscapular pain and coldness of the 
left arm. The blood pressure in the right arm had risen to 170/75 
mm. Hg, no pulse could be palpated in the cold left arm, and the 
systolic blood pressure was 90 mm. Hg by palpation in the right 
leg. A repeat chest roentgenogram revealed progressive mediastinal 
widening. and displacement of the trachea to the right. In addition, 
after a technically unsuccessful attempt of transbrachial aortog- 
, raphy, a forward venous angiogram demonstrated a filling defect 
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between the left common carotid and left subclavian arteries and 
lack of filling of the left subclavian artery. The patient was op- 
erated upon 5 hours after injury. Utilizing a left posterolateral in- 
cision, the chest was entered through the fourth intercostal space 
revealing 300 ml. of blood and a large hematoma over the aortic 
arch and isthmus. Femoral vein to femoral artery partial cardio- 
pulmonary bypass was instituted, and the aorta was cross-clamped 
proximal and distal to the hematoma. Evacuation of the hematoma 
unveiled the suspected transections of the left subclavian artery at 
its origin and of the aortic arch just distal to the origin of the 
left common carotid artery. The anterior wall of the false aneurysm 
was resected, and the continuity of the aorta and left subclavian 
artery was restored with the use of woven Dacron grafts. 

Postoperative course was relatively uncomplicated, and the pa- 
tient was discharged 23 days after injury. On subsequent follow-up 
3% years after injury, the patient was asymptomatic with a normal 
chest roentgenogram, aortogram, and left subclavian arteriogram. 

Case 2. W. W., a 23-year-old man, was involved in an automo- 
bile accident in July, 1969, striking his chest on the steering 
wheel. When brought to the emergency clinic one hour later, he 
complained of severe substernal chest pain. Blood pressure was 
120/80 mm. Hg in the left arm, 115/75 mm. Hg in the right 
arm, and the pulse was 90/minute. Fractures of the mandible 
and of several teeth, a laceration of the lower lip, and minimal 
contusion of the anterior chest wall were noted, with no respira- 
tory distress. The femoral and dorsalis pedis pulses were dimin- 
ished bilaterally. Chest roentgenograms revealed a small left 
hemothorax and widening of the mediastinum, and the admission 
hematocrit was 48%. An emergency retrograde aortogram demon- 
strated an aneurysm of the aorta with two linear filling defects 
just distal to the left subclavian artery. 

Thirteen hours after injury, the patient was operated upon. 
Through a left thoracotomy, evacuation of approximately 500 ml. 
of blood revealed a false aneurysm 4 cm. distal to the origin 
of the left subclavian artery. Under femoral vein to femoral artery 
partial cardiopulmonary bypass, the aneurysm was opened, re- 
vealing a 5 cm. separation between opposing edges of the tran- 
sected aortic isthmus. The anterior wall of the false aneurysm 
was removed, and the continuity of the aorta was restored with 
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Fic. 1. Admission portable chest roentgenogram showing widening 
of the mediastinal shadow and left hemothorax. 


a 22 mm. diameter woven dacron prosthesis. The postoperative 
course was uncomplicated, and the patient was discharged 10 
days after operation. One year postoperatively he was asympto- 
matic, and chest roentgenogram was within normal limits. 

Case 3. J. R. P., a 19-year-old man, was thrown from a motor- 
cycle in July, 1969. He was taken to another hospital 10 minutes 
after the accident, at which time blood pressure was 100/68 mm. 
Hg. Injuries included a laceration of the right ankle and fractures 
of the right patella, left tibia and fibula. Serial chest roentgeno- 
grams over the next 5 hours demonstrated progressive widening 
of the mediastinum, elevation of the left hemidiaphragm, and 
tracheal deviation to the right. One liter of whole blood was 
given, and the patient was transferred to our hospital. 

On admission, 7 hours after injury, the patient complained 
of anterior chest and upper abdominal pain. Pulse was 88/min., 
and blood pressure was 165/70 mm. Hg in the right arm, and 
135/65 mm. Hg in the left arm. Femoral pulses were present but 
diminished bilaterally, and the hematocrit was 32%. A percutaneous 
transfemoral retrograde aortogram revealed an aneurysm of the 
aorta, distal to the left subclavian artery. 

Eleven hours after injury, the patient was operated upon. Ap- 
proximately 400 cc. of blood were evacuated from the left pleural 
space, revealing a large hematoma at the aortic isthmus. Under 
femoral vein to femoral artery partial bypass, a circumferential 
tear of the aortic intima and media with a 6 cm. separation just 
distal to the origin of the left subclavian artery was repaired with 
a woven Dacron graft. The patient was discharged 16 days after 
operation and was doing very well on follow-up 2 years post- 
operatively. 

Case 4. J. A., a 19-year-old man, in June 1970, sustained 
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multiple body contusions and abrasions in a motorcycle accident. 
On admission to the hospital 20 minutes after injury, he was 
restless, combative, and disoriented, but had no focal neurologic 
deficits. Blood pressure was 80/50 mm. Hg, pulse 120/minute, 
and the heart and lungs were normal on admission examination. 
The abdomen was tender and slightly distended, the left thigh“ 
was swollen and tender, and the urine was blood-tinged. Blood 
and blood volume expanders were infused with a slow rise of 
the arterial pressure to 180/90 mm. Hg. ECG, IVP, and cysto- 
gram were within normal limits, and a chest roentgenogram 
showed a left hemothorax and widening of the mediastinum 
(Fig. 1). A left thoracostomy tube was inserted, and 850 ml. of 
blood were evacuated over a 2 to 3-hour period with no further 
drainage thereafter. Other roentgenographic studies revealed frac- 
tures of the left temporal bone, left femur, pelvis, left tibia and 
fibula and left wrist bones. 

On the day of admission, laparotomy was performed for 
persistent abdominal tenderness and distension, but no lesion 
was found. The postoperative course was satisfactory, with blood 
pressure in the upper extremities varying from 170/90 to 200/100 
mm. Hg and all peripheral pulses remaining distinctly palpable 
and equal. 

On the second hospital day, a chest roentgenogram showed 
clearing of the left hemothorax and no further widening of the 
mediastinum (Fig. 2). Repeat chest roentgenogram on the fourth 
day, however, demonstrated a right apical density which appeared 
to be a hemothorax although the vital signs and peripheral pulses 
remain unchanged (Fig. 3). This new development and the 
persistent upper extremity hypertension engendered a suspicion 
of rupture of the aorta, and a percutaneous right transaxillary 


= 
5-17-70 





Fic. 2. Chest roentgenogram 2 days later showing no further 


widening of the mediastinal shadow. 
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Fic, 3. Chest roentgenogram 4 days after admission demonstrating 
right apical density with no changes of the mediastinal shadow. 


aortogram was performed. This demonstrated a 4 cm. by 6 cm. 
aneurysm of the aortic isthmus (Fig. 4), and one hour later the 
patient was operated upon. When the left pleural space was 
opened, a pulsatile dark red mass was exposed over the descend- 
ing thoracic aorta, distal to the left subclavian artery. Femoral 
vein to femoral artery partial bypass was instituted and the 
pseudoaneurysm was opened, revealing a 6 cm. separation be- 
tween the retracted ends of aortic intima and media. The anterior 
wall of the false aneurysm was resected, as was a ring of disrupted 
aortic wall at the proximal area of injury, and the continuity of 
the aorta was restored with the interposition of a woven Dacron 
graft. 

The postoperative course was benign, and the patient was 
transferred to the orthopedic service 7 days after operation, where 
he underwent prolonged convalescence for the multiple fractures. 
Follow-up chest roentgenograms and blood pressures have been 
within normal limits. 

Case 5. G. S., a 20-year-old man, fell from a height of approxi- 
mately 50 feet and was admitted in December, 1971, with multiple 
fractures and paraplegia. Blood pressure was 90/60 mm. Hg, 
with a pulse rate of 108/minute, and the peripheral pulses were 
diminished in all extremities. Roentgenographic studies revealed 
` multtple fractures of both forearms and wrists, the left lower 
leg, both feet, and compression fractures of L: and Ls. The ad- 
mission chest roentgenogram demonstrated mediastinal widening 
and a left hemothorax. The multiple gross fractures and shock 
were left to be the cause of the pulse deficit in all extremities, a 
resolved with reduction of the fractures and 


condition which 
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institution of IV fluids. Paraplegia was felt to be the result of 
the L; and L; compression fractures. Insertion of a left thora- 
costomy tube resulted in drainage of approximately 1200 cc. of 
blood, two units of which were returned to the patient by auto- 
transfusion. After initial recovery, the pulse amplitude and blood 
pressure in the extremities remained within normal limits, and no 
murmurs or bruits were present. However, the paraplegia per- 
sisted. Because of concern for persistent mediastinal widening 
on daily chest roentgenograms, on the seventh day of hospitaliza- 
tion aortography was performed, revealing a traumatic aneurysm 
of the aortic isthmus. At thoracotomy the following day, an 8 cm. 
separation between the ends of the ruptured aorta was restored 
with a Dacron graft under femoral vein to femoral artery bypass. 
The patient’s postoperative course was satisfactory, and total 
recovery from cardiovascular injury was uneventful. On the second 
postoperative day, the patient appeared to be regaining sensation 
of the lower extremities, and on the fifth postoperative day, 
definite improvement in motor function was noted in the lower 
extremities. On the 13th postoperative day, the patient was trans- 
ferred to a private hospital where continued improvement in his 
neurologic status was noted. 

Case 6. M. A., a 54-year-old woman, was involved in an auto 
accident resulting in blunt chest trauma and a flail segment 
of the right anterolateral chest wall in January 1972. On arrival 
to the emergency clinic, blood pressure was 100/60 mm. Hg., 
pulse 132/minute, and respirations were labored. In addition to 
the paradoxical motion of the right chest wall, associated with 
decreased breath sounds bilaterally, significant physical findings 
included the absence of radial pulses with palpable carotid and 
femoral pulses, all without bruit or thrill. Admission chest roent- 
genograms demonstrated multiple rib fractures at the site of 
the flail segment, in addition to a left hemothorax and a markedly 
widened mediastinum. 

Endotracheal intubation was accomplished for assisted ven- 
tilation, and bilateral tube thoracostomies were performed. During 





Fic. 4. Aortogram performed on the fourth day after admission 
showing an aneurysm at the aortic isthmus and an intraluminal 
linear filling defect. 


Tape 1. Site of Aortic Rupture 











Site Early “hronic Total 
Ascending Aorta 3 2 5 
Aortic Arch 1 2 3 
Aortic Isthmus 82 114 196 
Distal Descending Aorta 2 2 4 

2 2 


Unspecified 





the latter procedure, the patient suffered a cardiac arrest, and, 
although vigorous attempts at resuscitation were instituted, effec- 
tive cardiac action could not be re-established. 

At autopsy, a deep laceration of the liver with significant hemo- 
peritoneum, multiple rib fractures, left hemothorax, and tran- 
section of all the great arteries with rupture of the aortic isthmus 
were found. 


Review of the Literature 


In reviewing the English literature, we have found 
204 case reports of surgical treatment of thoracic aortic 
rupture from blunt trauma. The overwhelming majority 
of the patients have been injured in vehicular accidents, 
either as a passenger (84%), or as a pedestrian (6%). 
The most common site of rupture was the aortic 
isthmus (Table 1), comprising 952 of all patients 
surgically treated. The symptoms and signs of the re- 
ported instances are illustrated in Table 2. In the patients 
treated during the acute period, the most common 
symptom was chest pain (267), and the most pro- 
minent physical findings included differences in pulse 
amplitude (37%), acute onset of upper extremity hy- 
pertension (31%), and a systolic murmur (26%), fre- 
quently heard at the base of the heart or in the mid- 
scapular area. The commonest chest roentgenographic 
finding was mediastinal widening (87%) (Table 3). 
Coexistent organ injuries included rib, sternal, extremity, 
or pelvic fractures, and intra-abdominal injury ( Table 
4). More than sixty patients have had successful early 
repair, with approximately 50% accomplished within 
55 minutes!? to 24 hours after injury (Table 5). By 
far the most popular technic utilized in both early and 
late repair was partial cardiopulmonary bypass from the 
left atrium to the femoral artery (Table 6). 


TaBLeE 2. Symptoms and Signs of Aortic Rupture 








—_——— a a 
Early Chronic Total 

Chest pain 23 3 53 
Dyspnea 9 17 26 
Back pain 4 4 8 
Hoarseness | 10 i] 
Dysphagia 4 6 10 
Cough 0 10 10 
Pulse differences 3] 10 11 
Hypertension 26 6 32 
Systolic murmur 22 22 44 
Paraplegia 10 1 11 
Vocal cord palsy ) ‘i 7 

+» 
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TABLE 3. Roentgenographic Findings on Initial Admission 
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Early C hreme [otal 
Mediastinal widening 73 23 96 
Hemothorax 36 16 52 
Tracheal deviation 9 l i0 i 
Esophageal narrowing 0 6 6 
Discussion 


The era of high speed transportation has brought 
with it a changing pattern of traumatic injuries. Rupture 
of the thoracic aorta, which is a distinct and not in- 
frequent entity, is a striking example of this phenomenon. 
The incidence of this catastrophic clinical event became 
apparent with Strassman’s report in 1947% and the 
monumental work of Parmley et al. in 1958.° The most 
frequent sites of rupture of the aorta are the ascending 
aorta, just proximal to the origin of the mnominate 
artery, and the descending aorta, just distal to the origin 
of the left subclavian artery. Autopsy cases with isolated 
aortic rupture from nonpenetrating trauma have de- 
monstrated that 50-60% occur just distal to the left 
subclavian artery, and 10-20% involve thé ‘ascending 
aorta,!-234 whereas, of those associated with cardiac in- 
jury, 52% occur in the ascending aorta and only 32% 
in the region of the ligamentum arteriosum."*. Because 
of the high mortality of patients with aortic rapture 
associated with cardiac injury, the overwhelming ma- 
joritv of patients surviving long enough for surgical 
treatment have manifested rupture at the aortic isthmus 
(Table 1). 

The factors responsible for traumatic rupture of the 
aorta have been previously discussed in detail," and, 
in general, can be summarized as follows: torsion stress 
and the stress from a “waterhammer effect” produced 
during blunt trauma appear to be predominantly re- 
sponsible for rupture of the ascending aorta, whereas 
the shearing and bending stresses appear to injure the 
descending aorta. The torn intima and media of the 
distal aortic segment, acting as a “ball valve” flap and the 
mediastinal hematoma compressing the aortic isthmus 
produce the “acute coarctation syndrome?" of upper 
extremity hypertension, which has been found to be the 
most frequent manifestation of acute rupture of the 


Tanek 4. Injuries Associated with Aortic Rupture 
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Early Chronic Total 
Rib fracture 29 32 Ol <2 
Sternal fracture 3 3 6 
Extremity fracture 24 22 46 
Pelvic fracture 10 4 14 
Intra-abdominal injury 16 5 21 
Diaphragmatic rupture 10 0 10 
Skull fracture 1 5 6 
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TABLE $. Time and Results of Surgical Treatment of Aortic KURE strongly suspected if progression or no regression of the 
“emcee kea danvad D ed mm ediastinal widening is seen. 
aa 07 aaa oo ee Despite all the “characteristic” clinical and roentgen- 
< 24 hours a0 | , 
a 13 4 ographic findings, the recognition of aortic injury is often 
"a Early 3-5 days 8 3 delayed or i sal Commonly, coexisting injuries to 
6-7 days 3 0 other organs?®’? may either mask the signs of aortic 
; 1-3 weeks 10 5 h | 
Pant a Beer 6 3 injury or divert the physicians attention away from the 
1-5 years 27 5 diagnosis of rupture of the aorta (Table 3). Paraplegia, 
Late ay ie y : frequently due to spinal cord injury; oliguria or anuria, 
pe J VERTS 2 ZL x “ ė 
Dene a 5 i often due to hypovolemia; chest pain, dyspnea, he- 


aorta,?® 2 with paraplegia and transient anuria being rare 
sequelae of this injury (Table 2). A systolic murmur 
heard at the base of the heart or in the midcapular area 
was detected in 25% of the acute cases, whereas signs of 
encroachment upon neighboring structures, e.g , vocal 
cord palsy* or trache: alt’ and superior vena cav val com- 
pression,*®”* are mainly manifestations of an expanding 
chronic aortic aneurysm. 

The chest roentgenographic features of this injury 
have been well delineated in previous reports 11.246) 
and include widening of the superior mediastinum, 
tracheal displacement to the right, narrowing of the 
carinal angle, depression of the left mainstem bronchus, 
irregularity in the aortic knob contour, and partial ob- 
scuration of the aortic arch by mediastinal hematoma. 
Widening of the mediastinum alone has been the most 
common abnormality seen (Table 3). 

Therefore, the triad of: difference in pulse amplitude 
between upper and lower extremities: hypertension of 
the upper extremities; and widening of the mediastinum 
has been the most constant finding in rupture of the 
aorta. 

It must be remembered, however, that small medi- 
astinal vessel injury may result in hematoma formation 
and mediastinal widening which usually regresses spon- 
taneously over a period of several days on serial chest 
roentgenograms.'*°"""" For this reason, widening of the 
mediastinum on the initial chest roentgenogram with 
no other signs of aortic rupture does not dictate im- 
mediate aortography, although this study is very desir- 
able. Chest roentgenography should be repeated daily 
in these patients, and rupture of the aorta should be 





TABLE 6. Surgical Technics Used for the Repair of the Aortic Rupture 
‘Pay Chronic 
Survived Died Survived Died 

Partial left heart bypass 37 8 65 8 
External shunt 13 2 

- Hypothermia Q 3 FI 4 
Homograft 0) | 26 4 
Prosthetic graft 54 8 57 6 
Direc tan: astomosis 7 3 i 


mothorax, and lung contusion, often due to rib or sternal 
fractures, can all be caused by aortic rupture. Traumatic 
rupture of the aorta may also occur without obvious 
external injury.’ For these reasons, the possibility of 
this injury must always be entertained, and careful 
evaluation of the patient with multiple traumatic injuries 
should include all body systems, not just those overtly 
damaged. Attentive and frequent follow-up physical 
examinations and chest roentgenograms are also very 
important in the evaluation and treatment of the patient 
with blunt injuries. 

Once the diagnosis of aortic rupture is strongly sus- 
pected, confirmatory aortography should be obtained. 
Percutaneous transaxillary, © transbrachial, 1415-31 or ret- 
rograde transfemoral aortography,®** establishes the 
diagnosis and the site of rupture of the aorta and/or 
the other great arteries, Extravasation of radiopaque 
material, with aneurysm formation at the site of rupture 
of the aorta, and one or two linear intraluminal filling 
defects, are the typical aortographic findings of acute 
aortic rupture.” 

The danger of exsanguination is constantly present in 
patients who survive the initial injury. For this reason, 
repair of the rupture should be performed as soon as 
the diagnosis is confirmed. However, coexisting intra- 
abdominal injuries, if the patient's condition permits, 
should be repaired before thoracotomy, since they may 
interfere with the effectiveness of bypass. The results 
of the surgical correction of this lethal injury are re- 
warding (Table 4). 

Since the first reported successful early repair of 
traumatic rupture of the aorta by Passaro and Pace in 
1959, many technics have been described. All of them 
have, as an ultimate goal, the prevention of ischemic 
spinal cord injury from cross clamping of the aorta dur- 
ing repair of the rupture (Table 5). 

For repair of this lesion in the acute stage we have 
successfully used femoral vein to femoral artery partial 

cardiopulmonary bypass.™:8 This technic does not have the 
problems associated with left atrial cannulation, in 
that the perfusion lines are away from the main 
operative field, and partial bypass? may be instituted at 
any time if extensive mediastinal hematoma or sudden 
hemorrhage should make dissection extremely hazardous 
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without extracorporeal support. An additional advantage 
is offered in the rare patient who has suddenly developed 
free aortic rupture at the onset of operation. A second 
team may initiate partial bypass while thoracotomy and 
aortic cross clamping are performed. 

Temporary local external shunt with tygon tubing 
primed with 30 ml. of sterile 0.9% saline solution con- 
taining 1000 units of heparin?!?? has been used by us 
only in chronic aneurysms resulting from rupture of the 
aorta and in the management of penetrating thoracic 
aortic wounds. 

Guanethidine and reserpine have been used in the 
management of patients with rupture of the aorta? and 
might be an excellent adjunct in the management of 
those with posttraumatic acute aortic rupture when other 
injuries or coincident infection dictate delay of corrective 
surgery. 

Although direct anastomosis of the ruptured aorta 
has been strongly advocated and successfully accom- 
plished by several authors,’*°°°* the vast majority of 
early and late repairs have been accomplished with the 
use of prosthetic grafts (Table 5). The retraction of the 
two ends of the ruptured aorta, the extensive mediastinal 
hematoma, the occasional friability of the injured aortic 
wall, and the surrounding reaction usually necessitate 
the use of a graft to bridge the gap.” 


Summary 


Six patients with rupture of the aorta secondary to 
blunt trauma have been treated at Emory University 
Hospitals within the past 4 years. These cases are re- 
viewed along with all previous surgically treated cases 
of traumatic aortic rupture reported in the English 
literature. From this review, it appears that the history 
of severe trauma associated with the triad of pulse 
amplitude difference between upper and lower ex- 
tremities, upper extremity hypertension, and widening 
of the mediastinal shadow has been the most frequently 
found diagnostic sign of rupture of the aorta. When this 
diagnosis is strongly suspected, confirmatory aortography 
should be performed immediately. Repair of these 
lesions should be accomplished as soon as possible, 
preferably under partial cardiopulmonary bypass or with 
temporary shunt bypass of the involved aortic segment. 
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Omental, Mesenteric, and Retroperitoneal Cysts: 


ystic LESIONS of the omentum, mesentery, and 
C retroperitoneum are uncommon lesions which are 
seldom diagnosed prior to operation. Several authors?! 
have indicated that these lesions may be grouped in the 
same category since they are similar, both embryologically 
and pathologically. 

Barr and Yamashita! stated that “preoperative diag- 
nosis is infrequently made because they are not usually 
considered in the differential diagnosis”, We have un- 
dertaken to review our experience with these lesions 
emphasizing clinical features rather than pathologic 
features. By placing emphasis on the clinical aspects of 
these lesions, we feel that a preoperative diagnosis or 
at least a high index of suspicion may be possible more 
frequently than has been previously reported. This 
study is based on a review of charts from the University 
of Rochester’s Strong Memorial Hospital and four local 
affiliated teaching hospitals during the period from 
1955 to 1970. We have excluded lesions which may be 
classified as intestinal duplications. 


Results 


and 
was 


Thirty-three new cases of omental, mesenteric, 
retroperitoneal cysts are reported. The diagnosis 
proven at operation in all cases. 

There were six males and 27 females, with an age 
range of 1 dav to 76 years. Analysis by age (Table 1) 
revealed a relatively even distribution throughout all 
decades. In addition to the six cases in the first decade, 
there were two other instances in the pediatric age 
group (15 years) making a total of eight cases (24%) 
in children. 

Of the 33 cases, there were 13 omental cysts, 18 
mesenteric cysts and two retroperitoneal cysts. Since 
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case records were not available for three women with 
mesenteric cysts, the remaining discussion will concern 
only the 30 patients for whom records were available. 
The clinical presentation of these 30 cases is. shown 
graphically in Figure 1. Or Sis a 

The lesions were incidental findings at operation in 
12 of the 30 patients. Of these, eight were. omental, 
three were mesenteric, and one was retroperitoneal. In 
the other 18 instances (Table 2), operation was*per- 
formed for symptoms or signs directly attributable to 
the lesion. In five of the 18 patients, surgical treatment 
was performed on an emergency basis, due to the pres- 
ence of acute intra-abdominal conditions. In the re- 
maining 13 patients, operation was elective. 

The five emergent cases included two adults with 
apparent acute appendicitis, one of whom (Case 12) 
had a mesocolic cyst with recent hemorrhage and in- 
flammation and one (Case 8) who had an omental cyst 
which had undergone torsion. There were two infants 
with large omental cysts that had ruptured with hemor- 
rhage, showing a clinical picture of abdominal distention 
and intra-abdominal bleeding. One was a neonate (Case 
1) and the other was aged 23 months (Case 4). The 
fifth emergent instance (Case 6) occurred in a 6-vear-old 
girl who showed a clinical picture of small bowel 
obstruction secondary to a large mesenteric cyst. 

Of the 13 patients operated upon electively, ten had 
mesenteric cysts. Eleven of the 13 had palpable ab- 
dominal masses, and two were children with large cysts 
causing generalized abdominal distention. In six cases, 
a mobile, non-tender abdominal mass was found on 
routine examination and no symptoms were present. 
Histories of pain varying in duration from 4 days to 
5 years were elicited from the other seven patients. The 
pain was intermittent in three patients and steady in 
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TABLE 1. Distribution of Cases by Age and Location 

Decade Omental Mesenteric Retroperitoneal Total 
0-10 4 2 6 
11-20 0) 2 2 
21-30 2 2 4 
31-40 2 3 5 
41-50 2 2 1 5 
51-60 0) 4 1 5 
61-70 2 2 4 
71-80 1 ! 2 
33 


Clinica À icant 


Acute Sym 


four. The pain was accompanied by nausea and vomit- 
ing in three patients. 

X-ray examinations of various types were carried out 
in 15 of the 18 patients in whom the cyst was consid- 
ered to be the primary source of symptoms and/or signs. 
Plain films of the abdomen were reported in 11 patients 
and showed positive findings in ten. Nine patients had 
evidence of a soft tissue mass and one demonstrated a 
pattern typical of small bowel obstruction. Displace- 
ment of bowel by the mass was noted on the plain 
films in three and calcifications of the mass was seen in 
five patients. An upper gastrointestinal series was done 
in seven*patients, and seven patients had barium enema 
X- -Fays performed. Two of these patients underwent 
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both studies. These studies demonstrated extrinsic com- 
pression or displacement of some portion of the gastroin- 
testinal tract in five of the seven patients in dha group. 
Intravenous pyelography was done in six patients. This 
study was normal in four patients, one had a displaced 
ureter and another patient had a unilateral hydro-ureter 
and hydro-nephrosis. 

The pathologic features of these cysts showed a 
marked variability. There were 23 anilocular cysts, in- 
cluding 12 of the 13 omental cysts, and only seven 
multilocular. Lining cells were present in 16 patients, 
absent in ten and ao reported in four. The lining cells, 
when present, varied from flattened, to cuboidal, to 
columnar epithelium. 

There were seven cysts with evidence of bleeding. 
Three of these were acute with bright red blood, while 
in the remaining four patients, the bleeding was old 
and manifested by brown fluid in the evst. | 

The size range varied from 1.0 cm, to large cysts 
filling the entire abdominal cavity. In general, the 
smallest cysts were omental with eight of the 13 being 
4.0 cm. or less in greatest diameter. In contrast to this, 
the smallest of sie mesenteric cysts was 3.0 cm. in di- 
ameter and 11 of the 15 were between 6 and 15 cm. in 
greatest diameter. 

In two patients the lesions recurred. In one (Case 3), 
a recurrent cyst developed in the omental remnant 9 
months after excision of a huge omental cvst. In the 
second (Case 15), a patient developed multiple recur- 
rent mesenteric cysts ten years after excision of a retro- 
peritoneal cyst. 


Discussion 
History and Incidence 


The first report of a mesenteric cyst is commonly 
ascribed to a Florentine anatomist, Beneviene, who re- 
lated the finding of a cyst of the small bowel mesen- 
tery during an autopsy in 1507, The first surgical excision 
was reported in 1880 by Tillaux, and since that time 
numerous case reports have been presented. Loeb! 
reviewed the literature on mesenteric cysts in 1941 and 
estimated that 550-600 cases had been reported, and it 
is likely that there are now at least 700-750 cases in the 
literature. 

Omental cysts were not described until the report 
of Gairdner in 1852, and are less common than the 
mesenteric variety. In 1964, Oliver!’ estimated the total 
number of cases of omental cysts to be 150 and he 
reported an additional 13 cases. 

Mesenteric cysts have been estimated to be three 
to ten times more common than omental cysts,? although 
on the basis of the numbers of reported cases, the ratio 
may be set at 4.5 to one. 

The rate of incidence of both cyst types has been 
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rare event. There is no apparent correlation between 
calcification and previous bleeding. Only one of the 
five cysts in this series with calcification showed any 
evidence of recent or old bleeding. 

Lining cells may or may not be present and may -* ` 
range from flattened endothelial cells to low cuboidal or 
high columnar epithelial cells. 

Malignant change has been reported, but is uncom- 
mon, Hardin and Hardy’? indicate that the malignan- 
cies are usually low grade sarcomas and carry a good 
prognosis if properly excised. 





Fic. 2A. Plain A-P film of an 11-month-old girl (Case 3) with 
fuid abdominal distention. Film revealed diffuse haziness sug- 
gestive of ascites. 


variously reported from one case per 27,000 hospital 
admissions!* to one per 100,000 admissions.!* In this 
series the rate was one case per 39,400 admissions. 

These lesions are generally reported to be more com- 
mon in females and this fact was supported by this 
series which showed that 82% occurred in females. 


Pathology 


Pathologically, these lesions are generally single, al- 
though multiple occurrences have been reported. They 
may be unilocular or multilocular and contain fluid 
which may range from a clear, straw-colored liquid to a 
thick cheesy-white material which is thought to be in- 
spissated lymph fluid. They may exhibit evidence of 





i ee ee mon f a] ld. Cal Fıc. 2B. Lateral view of same patient demonstrating posterior dis- 
Jleeding into the cyst cavity, either recent or old, Cal- placement of intestinal gas, a finding indicative of intra-abdominal 


cification may occur but is generally reported to be a cyst. 
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TABLE 2. Summary of Findings of 18 Patients with Clinically Significant Lesions 
"Case Age&Sex Symptoms and Signs X-ray Pathology essGon and Size Remarks 
“1. Iday Abdominal distention, None. Unilocular cyst— Omentum-—large 
F pallor; lethargy, ruptured with cyst filling abdominal 
t bloody fluid on hemorrhage. cavity. 
, paracentesis. ' i 
“2 -14wk. Mobile right flank Plain film-—5 cm. Unilocular cyst Omentum—4 X 6em. 
F mass on routine calcific density in no lining cells 
physicalexamination. rightlowerquadrant. old bleeding. 
Upper GI sertes— 
small bowel displaced 
to left. 
3 11 mo. Abdominal distention- Plain film—Diffuse Multilocular cyst Huge omental cyst Patient returned 
F Recurrent abdominal abdominal haziness. columnar epithelial filling abdominal 9 months later 
pain and vomitingfor Lateral view of lining. cavity. with recurrent 
3 months. abdomen-—Bowel gas cyst of omental 
displaced posteriorly remnant. 
Upper GI sertes— 
Displacement of small 
le n bowel to left. 
4... 23.mo. Lethargy and pallor Plain film—Upward Unilocular cyst with Omentum—Huge 
vrane M . of sudden onset. displacement of bowel. mesothelial lining cyst filling abdominal 
hasta? © Abdominal distention. Barium enema— ruptured with cavity. 
wl Pa ee wt Displacement and hemorrhage. 
extrinsic compression 
FA a of cécum and sigmoid 
ee SyS “Abdominal distention Plain film-—Upward Multiloculated cyst. Jejunal mesentery 
>. pent: MER! for 2 to 3 weeks. displacement of No lining cells. 25 cm. 


Etiology and Classification 


As early as 1916, it was suggested by Hadley?’ that 
“it seems more than probable that the group of ab- 
dominal tumors classified as chylous cysts do not all 
have the same origin . . .” 

The etiology of these lesions has been subject to much 
discussion in the litérature over the years, with the 
principal debate centering around the question of 
of whether or not these lesions are congenital. Some 
writers have claimed that all of these cysts are congeni- 
tal with some not being found until adulthood. Others 
cite the relatively low incidence in childhood, such as 
the 95% reported by Burnett, et al., as evidence that 
_ they are not congenital. It is now recognized that there 
is no single etiologi¢ mechanism involved in the devel- 
opment of all thése cysts. The literature contains several 
examples of cysts, which are definitely congenital, but 


there are also a large number of definitely acquired 
cysts which have been reported. 

In 1950, Beahrs et al, proposed the following etio- 
logic élassification for these lesions: 


A. Embryonic and Developmental Cysts 
including enteric, urogenital and dermoid cysts, as 
well as cysts arising’ from. aes defects in 
lymph tissue. : 
B. Traumatic or Acquired Cr ysts 
No lining cells are seen, 
C. Neoplastic Cysts 
Benign and malignant including lymphangiomata. 
D. Infective and Degenerative Cysts ; 
of mycotic, parasitic or tuberculous origin. 


We believe this to be a complete and logical classifi- 


b. 
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back for 1 month. 
Soft, mobile, 
epigastric mass. 


Compressioñ of lesser 
curvature. 


No lining cells. 


mesentery 14cm. 
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TABLE 2. (Continued) 
Case Age&Sex Symptoms and Signs X-ray Pathology Location and Size Remarks 
8 24yr. Rightlower quadrant None. Unilocular cyst witk Omentum 
.F pain for several hours. torsion. 7X5 X4cm. 
Right lower quadrant 
tenderness and spasm. 
9 28 yr. Abdominal pain, Barium enema- Multiloculated cyst. Jejunal mesentery 
F nausea and vomiting Negative. No lining cells. 15 cm. 
for 2 weeks. Mobile I¥VP—Displaced left Brownish fluid. 
mass in left mid- ureter. 
abdomen. 
10 34yr. Lowerabdominal pains Plain film-—Left Unilocular cyst. Proximal jejunal 
for 5 years. Left upper quadrant mass No lining cells. mesentery—6 cm. 
flank ache for 1 month with calcified rim. 
mobile left upper 
quadrant cystic mass. 
11 50 yr. Asymptomatic left Plain flm— Unilocular— Mid-jejuna! mesentery 
M lower quadrant mass Calcified left lower No lining cells. 6 * 4em. 
on routine examination. quadrant mass. 
12 52 yr. Rightlower quadrant None. Unilocular cyst. Transverse Mesocolon.. 
M pain for several hours. No lining; recent 4 X 7cm. Boise sae 
Right lower quadrant hemorrhage and eo oe 
guarding and tenderness. inflammation. Pent 
13 55yr. Large mid-abdominal, Plain film—Soft Unilocular cyst. Small bowel mesentery ` pany, |e 
M mobile mass for 4 tissue mass. No bowel No lining cells. 25 cm. 
years. displacement. ae 
14 58yr. Rightlower quadrant Barium enema— Muitiloculated cyst. Retroperitoneal cyst ce ; 
F mass on routine Extrinsic pressure on Flattened epithelial medial to cecum Ahn ton 
physical examination. cecum by calcified lining. 10X 12 X 5cm. ASE AE 
mass. P a 
15 60yr, Leftabdominal mass— Plain film—Soft Multiloculated cysts. Multiple mesenteric ~~ Previous excision: : 
F asymptomatic. tissue density in Cuboidal and columnar cysts filling of retroperitoneal 
. abdomen. epithelium. abdominal cavity. cyst. l i 
16 60 yr. Left abdominal mass Plain flm—Abdominal Uniloculdr cyst. Jejunal mesentery i 
F on routine physical mass. i No lining cells. 10 xX 12cm. 
examination. Upper GI series— n oe 
Displacement of a ay 
jejunum. “ged 
17 62yr. Abdominal pain for 6 Barium enema— Unilocular cysts. Transverse mesocolon Pievio vagotoniy l 
F months. Tender upper Extrinsic compression No lining cells. 7em. and pyloroplasty +% 
abdominal mass. of transverse meso- no cyst at that 
colon. time. 
18 66 yr Pain in right side of Upper GI sertes— Unilocular cyst. Gastro-hepatic 


cation which is consistent with currently available fac- 
tual information. As suggested by Beahrs,* this classi- 
fication also serves to clarify much of the confusion 
resulting from the use of such terms as “chylous” or 
“lymphatic” cysts. 


Diagnosis 


The diagnostic features of clinically significant omen- 
tal and mésenteric cysts appear to be a function of size, 
location, and presence or absence of complicating fac- 
tors such as hemorrhage, torsion, infection, rupture, or 
pressure on adjacent structures. 

It is obvious that a very small cyst may be asymptom- 
atic and nonpalpable and therefore discovered only as 
an incidental. finding at operation. In this series, there 
were 12 (40%) such cases. It is of interest that the ma- 


jority of these (8/12) were omental in location; how- 
ever, the size of the lesion rather than the location, ap- 
pears to be a more important factor. Of the 12 cysts 
found incidentally only three were larger than 4 cm. and 
the smallest of the clinically significant cysts was 6 cm. 
in diameter. | 

The symptoms and signs caused by omental and 
mesenteric cysts are variable, and none may be con- 
sidered pathognomonic. Patients with clinically impor- 
tant (ie., non-incidental) cysts may be classified into 
two basic groups, acute and non-acute. 

The acute group includes those patients with acute 
symptoms which require operation on an emergency 
basis. 

In 1964, Oliver!" reviewed the subject of acute ab- 
dominal crisis caused by omental cysts. In addition to 
the three cases in his series, he was able to find only 


18 WALKER AND PUTNAM 





Fic. 3A. Plain A-P film of a 5-year-old boy (Case 5) showing mass 
defect with calcified inferior rim. 


15 other reports in the literature for a total of 18 cases. 
This is approximately 10 per cent of all the omental 
cysts reported. In 93 per cent of these cases, the preop- 
erative diagnosis was acute appendicitis; however, it 
was stressed that the clinical picture was non-specific. 
The tenderness was usually diffuse and masses were 
not usually palpable. It is of interest to note that the 
clinical picture of an acute surgical abdomen caused by 
omental cysts is a disease of children almost exclusively. 
Of the 18 cases summarized by Oliver, the oldest was 
24 years and only three patients were over ten years of 
age. In our series, there were three such patients with 
ages one day, 23 months, and 24 years. As reported by 
Oliver, the most common complication is torsion (8/18) 
with infection (6/18) being next most common. 

Mesenteric cysts are probably an even rarer cause of 
the acute abdomen than omental cysts. Two such cases 
are seen in this series, one of small bowel obstruction 
and the other a case of hemorrhage and inflammation. 
Both of these complications have been reported previ- 
ously by other authors.*:7.11 
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In both omental and mesenteric cysts which present as 
acute surgical emergencies, the mass may not be pal- 
pable because of abdominal rigidity. Nausea, vomiting 
and anorexia are commonly seen, as are coincidental 
leukocytosis and fever. Because of similarity to many 
more common conditions, preoperative diagnosis is 
rare in the cases with acute symptoms. 

The non-acute group includes those patients with 
asymptomatic abdominal masses and those with chronic 
abdominal symptoms with or without a mass. These 
masses are usually described as being smooth, round, 
non-tender, and mobile. Mesenteric cysts are often 
said to be more mobile in a transverse plane than in a 
cephalo-caudad plane, while omental cysts are very 
mobile in all directions. Lesions which seem cystic and 
tethered to the pelvis are most likely to originate from 
the uterus, ovaries and urinary bladder. 

Some authors" feel that these lesions most commonly 
occur as slowly enlarging painless lesions, while other 
investigators have found pain to be a more predomi- 
nant component of the clinical picture. In this series, 
pain was observed in 7/12 (60%) of the non-acute 
cases. Six of these were mesenteric in location. 

The character of the pain will, of course, depend on 
the mechanism of its production. Steady pain may be 
a result of stretching the overlying peritoneum or of 
traction on the root of the mesentery. Intermittent 
crampy pain is usually thought to be a result of partial 


$ 
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Fic. 3B. Combined barium enema X-ray and intravenous pyelogram 
of same patient demonstrating right hydronephrosis and hydro- 
ureter and extrinsic compression of colon. 
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obstruction of the gastrointestinal tract by extrinsic 
pressure. Generally speaking, the pain is of low-grade 
intensity and not related to meals. Nausea and vomit- 
ing may occur, but are generally thought to be less 
common. 

Radiographic studies may be of utmost importance in 
the preoperative diagnostic work-up. Berger and Roth- 
enberg* stated that “the correct diagnosis would have 
been made more often in our series of cases had the 
surgeons resorted more frequently to X-ray investiga- 
tions”. The demonstration of these cystic lesions is de- 
pendent upon their size, density, affect on adjacent 
organs, and calcification of the wall of the cyst when 
present. 

A plain film of the abdomen is seldom of great as- 
sistance in confirming the diagnosis, although evidence 
of a soft-tissue mass is common and displacement of the 
bowel may be present. Ladd and Gross!* have pointed 
out the value of a plain lateral view of the abdomen 
which may reveal that the mass in question lies an- 
terior to the intestines, a finding which suggests the 
possibility of an omental cyst (Figs. 2A and 2B), These 
findings made possible a correct preoperative diagnosis 
of omental cyst in Case 3. Calcification of the cyst wall 
and/or contents may also be noted on plain films (Fig. 
3A) but is generally reported to be a rare finding.’ 
In this series, there were five cases that showed calcifi- 
cation. | 

The demonstration of displacement of the bowel by 
an extrinsic mass may be more consistently obtained 
by contrast studies, e.g. upper gastrointestinal series 
and barium enema X-ray. Bowel displacement was seen 
in over 70 per cent of the patients in whom these con- 
trast studies were done in this series (Fig. 3B). Even if 
negative, these studies are helpful in that they rule out 


i‘ primary disease of the intestinal tract. 


Similarly, intravenous pyelography, which should be 
performed in all cases of abdominal mass, rules out 
renal lesions. Obstruction or displacement of ureters or 
compression of urinary bladder (Fig. 3B) may be 
demonstrated. Selective superior mesenteric angiog- 


7 raphy has been carried out in one case of a large mesen- 


teric cyst’® but this was a normal study and not thought 
to be of any diagnostic value. 


< Summary 


A series of 33 patients with omental, mesenteric, and 
retroperitoneal cysts is presented with an emphasis on 


‘the clinical features. 


There were six males and 27 females, ranging in age 
from 1 day to 76 years. Clinical data are presented for 
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30 of the patients. Twelve had cysts discovered as inci- 
dental findings at operation. Five patients with symp- 
toms and signs of an acute abdomen required emer- 
gency operation, and preoperative diagnosis would have 


been difficult. Thirteen patients with chronic symptoms .. - 


and signs, operated upon electively, had preoperative 
findings suggestive of cyst. There are no pathognomonic ` 
clinical characteristics which permit an accurate pre- 
operative diagnosis in these lesions; however, we feel 
that retroperitoneal cysts (including mesenteric and 
omental) should be suspected in any patient with a - 
mobile abdominal mass, with or without chronic pain, 
and in whom plain and contrast radiographic studies of 
the abdomen demonstrate the mass to be extrinsic to 
the alimentary and urinary tracts. l 
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Delayed Cutaneous Hypersensitivity Reactions to Extracts of 
Malignant and Normal Human Breast Cells 


CRANDALL ALFORD,* ARIEL C. HOLLINSHEAD,t RONALD B. HERBERMAN** 


OST ANIMAL TUMORS studied possessvantigens that 
M are present in malignant cells but absent in normal 
cells.1® These tumor specific antigens may elicit a hu- 
moral and/or cellular immune response in the animal. 
Certain human malignancies also have tumor associ- 
` ated antigens which can produce an immune reaction.’ 

The natural history of human mammary cancer sug- 
gests that host responses are significant.! Morphological 
changes in the primary tumor and draining lymph 
nodes are used as evidence for immune reactions to 
mammary cancer.4 Previous reports indicate antigenic 
changes in human mammary cancer® and antibodies 
tọ tumor associated antigens have been found in the 
sera of patients with this disease.*2° In addition, virus- 
like particles resembling murine RNA oncogenic viruses 
have been’ seen in specimens of human milk and in 
tumors of patients with mammary cancer. These 
ultra-structural and other immunological findings indi- 
cate certain similarities in neoplasia of the breast in 
women and mice." 

In the present study, delayed hypersensitivity skin 
tests were performed in an attempt to detect cellular 
immune reactions in patients with mammary cancer. 


Materials and Methods 
Patient Selection 


All patients studied had a complete examination in- 
cluding appropriate laboratory determinations. The pa- 
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tients were staged according to the following criteria: in 
stage I patients, the tumor was confined fo the primary 
site; stage II patients had regional node involvement. 
All stage I and II patients had operable lesions. Stage 
III patients had systemic metastases. Of the 21 patients 
with cancer of the breast 18 were stage I and II and 
had uncergone definitive surgical treatment 7 to 30 
days prior to skin testing. The remaining three had dis- 
seminated mammary cancer (Stage III) and two were 
receiving hormone therapy. Four patients with benign 
mammary disease were studied: three were operated on 
for fibrocystic disease and one had a reduction mam- 
moplasty. Of the patients with cancer not originating 
in the breast, two were stage I or II and three were 
stage III. 


Tissue Preparation 


Sterile technics were used throughout. Tumor and 
normal breast were finely debrided so that grossly 
viable tissue was used. Normal breast tissue and pector- 
alis muscle were removed as far distant from the pri- 
mary tumor site as possible. Tissues were minced with 
scissors and pressed through a #60 stainless. steel mesh 
sieve to obtain a single cell suspension. The cells were 
then counted in a hemocytometer; 107 to 10° cells were 
used. A smaller number of cells was not satisfactory, 
unless pooled with another similar tissue, because of 
the low protein yield. Cell membrane extracts of the 
tissues were then prepared using the method of Davies® 
and Mann et al.™ Solubilization of the membrane 
preparations with low frequency sonication and frac- 
tionation by Sephadex gel filtration have been de- 
scribed.'? Sephadex pools were concentrated using 
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'Diaflo ultrafiltration. Protein determinations were made 


by the method of Lowry." 


Skin Tests 


To assess the ability of the patients to manifest de- 
layed hypersensitivity reactions, mumps antigen (Eli 
Lilly & Co, Indianapolis, Ind.) and Varidase (Strep- 
tokinase-Streptodornase 50 p, Lederle Lab., Pearl 
River, N.Y.) were injected intradermally prior to skin 
testing with tissue extracts. Only patients with a posi- 
tive skin test to either antigen were included. Tests 
performed in the immediate postoperative period were 
often negative but reverted to positive after 1 week. 
Forty-eight hours after the first skin test, 0.1 ml. of mem- 
brane and soluble fractions of the membranes were in- 
jected intradermally. All tests were performed on the 
skin of the upper back and were read at 15 minutes, 
24 and 48 hours. Induration of 5 mm. or more at 48 
hours was considered positive. Biopsies of positive reac- 
tions showed histological features consistent with a de- 
layed hypersensitivity reaction. As controls, patients 
were also tested with buffer solutions from Sephadex col- 
umns. The protein range for the membranes extracts 
was 80-200 yg./0.1 ml. with an average of 100 zg./0.1 ml. 
The soluble fractions had a range of 5-100 p»g./0.1 ml. 
with an average of 40 »g./0.1 ml. 


Membranes 


Mammary Cancer Patients. Three of nine patients 
with cancer of the breast tested with autologous tumor 
membranes were positive. Four patients were also tested 
with autologous membranes prepared from grossly 
normal breast tissue from the same mastectomy speci- 
men. These tests were all negative (Table 1). Three of 
four mammary cancer patients had delayed hypersensi- 
tivity skin reactions to allogeneic mammary cancer 
membranes but had no reaction to allogeneic normal 


TABLE 1. 


MALIGNANT AND NORMAL BREAST CELLS 
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breast membranes derived from the same breast. One 
of five patients had a positive skin test to allogeneic 
normal breast membranes from a patient with fibrocystic 
disease and one of eight patients was positive to au- _ 
tologous pectoralis muscle membranes from a asa =. 
specimen. | 


Control Patients. Five patients with solid tumors sther =a 
than mammary cancer were tested (three head and . | 


neck, one melanoma and a colon cancer): Four were 
skin tested with mammary cancer membranes, three 
with normal breast membranes from the same mastee-. - 
tomy specimen and two with normal breast membranes 
from fibrocystic disease patients. There were no posi-. 
tive responses in any of these patients (Table 1). 

Three patients with fibrocystic disease and two pa- 
tients with other benign conditions did not respond to 
the membranes of normal breast tissue from patients 
with fibrocystic disease (Table 1). 

Therefore, six of 13 patients with mammary cancer 
were positive to their own or allogeneic cancer mem- 
branes and none of eight patients were positive to 
either autologous or allogeneic normal breast mem- 
branes from the same mastectomy specimen. No pa- 
tients with other types of cancer gave a positive skin 
test to any of these breast membrane preparations. 

It is of interest that the three stage III patients with 
mammary cancer were positive to the mammary can- 
cer membranes while only three of 10 patients with 
stage I and II were reactive. These patients with stage 
IH disease had an unusual tumor-host ‘relationship in 
that they had a tumor-free interval of over 5 years from 
definitive therapy to evidence of recurrent disease. 
Two patients were skin-tested shortly after additive 
hormonal therapy was started and had partial objective 
tumor regression that lasted 7 to 18 months before re- 
lapsing. The third patient was tested 2 months after 
therapeutic oophorectomy when no clinical disease was 
apparent and is still in remission 16 months later with 


Delayed Hypersensitivity Skin Reactions to Breast Tissue Membrane Extracts 


(Number of positive tests over the number of patients tested) 





Muscle-Mastectomy 





Type of Patient Ca Breast N-Ca Breast** N-N Breast* Specimen 
Cancer 
Breast 
autologous 3/9 0/4 wenn + 1/8 
allogeneic 3/4 0/4 1/5 ND*** 
Other Cancer 0/4 0/3 0/2 ND 
Benign Disease : 
Breast 6 0 —i‘“‘( i O M08 sass 
Other ee ane 0/2 





* Normal breast tissue from patients with benign breast disease 


** Normal breast tissue from mastectomy specimen 
*** ND = Not done 


----- + Not applicable or would involve tests with tissues from patients with malignant diseases in benign conditions. 


= P, 24,764. 
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elution 


" Fic. 1. Separation of mammary cancer cell membrane sonicate 
on Sephadex G-200 (reactive fraction II is between 35,000 mw 
and 120,000 mw with a protein peak which ranged between 
42,000 to 56,000 for nine different separations), Fraction II con- 
tains about half of the total soluble protein and has fewer aromatic 
amino acids than fractions I and III. 


complete disappearance of all visible and palpable tu- 
mor. 


Soluble Fractions 


Figure 1 illustrates a representative curve of elution 
of thë soluble preparations from Sephadex G-200. Frac- 
tion II gave the great majority of responses but occa- 
sionally fraction I and III produced a positive skin 
test. ; 

There was less specificity seen when the soluble frac- 
_ tions were tested (Table 2). The autologous and allo- 
~ geneic fractions prepared from mammary cancer, from 
normal: tissue- from the same breast as well as from 
normal; ‘bréast of fibrocystic disease patients elicited 
A ost. identical reactions in mammary cancer patients. 
S io ver “there was less reactivity to these soluble 
preparations in patients with other types of malignancy 
(Table 2). Comparing the results of the tests between 
the two cancer groups, 90% (9/10) of mammary can- 
‘cer patients had positive reactions to soluble breast tu- 
mor fractions while 50% (2/4) of the other cancer group 
was positive to these tumor fractions. As can be seen in 
Table 2 the patients with either benign or malignant 
mammary disease also had a relatively high percentage 
of reactivity to both types of normal breast fractions 
(N-N breast and N-Ca breast) compared to patients 
with other diseases, benign or. malignant, not related 
to the breast. 
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Hughes and Lytton!’ reported that 27% (9/33) of 
patients with solid tumors gave a delayed hypersensi- 
tivity skin reaction to autologous tumor cell extracts but 
not to similar normal tissue. However, two patients re- 
acted to both control and tumor tissues. Their prepara- 
tions were thought to be free of cell membranes and 
consisted mainly of “smaller cytoplasmic particles” 
which are not particularly rich in transplantation anti- 
gens. Some of the extracts were treated with neomycin 
and 1500-300 „g. of “material” was injected intrader- 
mally. The above methods raise doubts as to whether 
the skin reactions were tumor specific since some of 
them may be related to antibiotic or antibiotic-bacterial 
complexes. We have also noted from previous studies, 
that the intradermal injection of more than 300 yg. of 
protein often gave a non-specific skin response.? 1° 

Stewart obtained results similar to Hughes and Lyt- 
ton, employing extracts prepared by differential cen- 
trifugation.2? He used extensive and ingenious methods 
to eliminate bacterial contamination as the cause of 
the skin reactions but this question still remains open. 
It was of interest that approximately 40% (6/17) of 
solid tumor patients gave a positive skin test to normal 
tissue adjacent to the tumor and a very small percent- 
age to normal white cell extracts. There was no reaction 
to other types of control tissue (muscle). Stewart also 
tested mammary cancer patients with autologous tu- 
mor extracts.*1 As in his previous studies, Stewart could 
correlate the degree of round cell infiltration of the 
tumors with the patients’ skin responses. However, 
there was essentially no correlation of skin reactivity 
with the stage of the disease. In addition patients with 
a delayed hypersensitivity skin reaction had a poorer 
survival rate than patients with negative skin tests. The 
latter result is different from most otber similar studies 
and might be due to the time that the skin tests were 
carried out; some tests were performed within 4 days 
of operation when many patients are immuno-suppressed 
from the extent of the operative procedure. 


TABLE 2. Delayed Hypersensitivity Skin Reactions to Separated Soluble Membrane Fractions of Breast Tissues—(See Table 1 for explanations). 


Soluble Fractions 


Muscle-Mastectomy 


Type of patient Ca Breast N-Ca Breast N-N Breast Specimen 

Cancer 
Breast 

autologous 5/6 3/5 mn 0/2 

allogeneic 4/4 3/4 4/5 1/1 
Other Cancer 2/4 1/4 1/4 ND 
Benign Disease 

Breast 420000 en 3/40 ee 

Other wen en 0/3 ween 





e 


“Vol. 178 » No. 1 


Fass, Herberman and co-workers®® have investi- 
gated the delayed hypersensitivity skin reactions to 
autologous membrane extracts from patients with Bur- 
kitts lymphoma and acute leukemia. Sterile technics 
were employed and: protein concentrations below 300 
gamma were used. In these two studies, they were able 
to correlate positive skin tests with tumor remission. 

Our results confirm the previous observations that 
breast tumor extracts both autologous and allogeneic, 

can elicit delayed hypersensitivity skin reactions in 
man. The reactions with the membrane preparations 
appeared to be tumor specific. However, the soluble 
membrane fractions gave less specificity. More mam- 
mary cancer patients responded to soluble fractions 
than did patients with other types of malignancies, 
but the mammary cancer patients were just as reactive 
to normal soluble breast fractions derived’ from either 
mastectomy specimens or from breast tissue of fibrocystic 
disease patients. This suggests that reactivity to an 
organ specific antigen is being detected in the soluble 
fractions. Further fractionation studies will be needed 
to determine whether a tumor specific antigen in the 
soluble mammary cancer extracts can be separated from 
the organ associated antigen. 
‘The different pattern of reactivity produced by the 
soluble ‘fractions as compared to the membranes is of 
considerable interest. It is possible that only the tumor 
associated antigen is recognizable on the membranes, 
and that the solubilization procedure uncovers the or- 
gan associated sites. Alternatively, the sonication could 
have induced changes ‘in the membrane proteins, pro- 
ducing antigens to which many people have been sen- 
sitized. 

Edynak and co-workers’ and Priori et al.?° have re- 
ported somewhat similar findings. Edynak using im- 
muno-diffusion’ tests found that almost 50% (17/42) 
of mammary cancers from radical mastectomies con- 
tained a fetal antigen. The normal breast tissue from 
the operations (adjacent to or far removed from the 
primary tumor) ‘had the same fetal antigen and so did 
three of five biopsies from’ the contralateral normal 
breast. In indirect immuno-fluorescent studies by Pri- 
ori and co-workers, sera from patients with mammary 
cancer or fibrocystic disease were positive against mon- 
olayer cultures derived from mammary cancer, fibro- 
cystic disease or osteo-sarcoma patients. Other cell lines 
were negative and normal sera were non-reactive. Chan 
et-al5 using complement fixation also observed that 
45% of sera from mammary cancer patients’ reacted to 
an antigen prepared: from a mammary cancer cell line. 
Thirteen per cent ‘of sera from patients with benign 
breast disease (fibrocystic and fibroadenomas) and 5 
per cent of normal sera were also positive. 

It is still disputed whether fibrocystic disease of the 
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breast is pre-malignant. However, the above reports . 


and our findings point to an immunological similarity 
between the breast with fibrocystic disease and the 
breast with malignant disease. Edynak interpreted the 


finding of a similar antigen in normal and tumor tissues ' 


as further evidence of the multicentric nature 'of mam- . 
mary cancer and our findings would support | the hy- 
pothesis that diffuse immunological changes can occur 
throughout the breast with cancer without phenotypic 
changes. This might be analogous to mouse mammary 
tumors where viral antigens'can be detected long be- 
fore neoplasia is observed’ or to the studies of Weiss 
et al. which showed that preneoplastic breast: nodules 
and breast tumors in mice free of virus elicited similar 
immunogenic responses. 

Although the tests with mammary cancer E 
appeared to be specific, the low frequency of positive 
responses under the conditions used appear to. make 
diagnostic application unlikely. The ‘patients with stage 
I and II mammary cancer ‘have not. been followed long 
enough to determine the prognostic significance of" a 


positive or negative skin test. The results of the mem- - 


brane skin tests in patients with stage III, mammary 
cancer, although few in. number, raise the possibilities 


that a positive reaction to tumor membranes is associ- ` 
‘ated with a long tumor-free interval and that subsequent 


hormonal treatment may be beneficial. It has: Been. diffe: 
cult to actually identify the mammary cancer patient 
with a hormonal dependent tumor and the preliminaty ` 


results noted would warrant further. studies in this re- 
gard. The ability to diagnose or prognosticate the out- ` 


come of mammary cancer with skin tests using soluble 
fractions is not feasible at this time because of the 
reactivity of patients with benign breast disease. How- 
ever, the biological implications could be significant. 
We are planning to continue these tests and relate them 
to in vitro assays of cellular immunity as well as to the 
clinical course of the patients. The question of immuno- 
genicity of these extracts is also important from the 
standpoint of therapy and limited clinical trials are 
now underway. 


Summary 


Six of 13 patients with mammary cancer had a delayed 
hypersensitivity skin reaction to autologous. and allo- 
geneic mammary cancer membrane extracts but not 
to normal breast membranes derived from either the 
same mastectomy specimen or from breast tissue. of pa- 
tients with ‘fibrocystic disease. Three of these patients 
had disseminated mammary cancer and their -clinical 
course indicated that host responses were significant: 
Five patients with other types of malignancies did not 
react to any of these preparations. This suggests that a 
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common tumor associated membrane antigen is being 
detected in the mammary cancer patients. 

Autologous or allogeneic solubilized fractions from 
mammary cancer membranes also elicited a delayed 
* hypersensitivity skin reaction in a higher percentage 
,of mammaiy cancer patients than in patients with other 
types of cancer. However, the soluble fractions derived 
. from either normal breast of the mastectomy specimen 
or from fibrocystic disease were just as reactive in 
mammary cancer patients or patients with benign 
breast disease as the soluble tumor fractions. The sig- 
nificance of these cross-reactions in patients with benign 
or malignant breast cirese! is discussed. 
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Axillary Metastases from Unknown Primary Sites 


EDWARD M. COPELAND, M.D.,* CHARLES M. MCBRIDE, M.D.** 


- oo first detected by biopsy of ‘an axillary mass, 

can be a perplexing diagnostic problem. Often a 
good history and physical examination will reveal the 
site of the primary lesion. All too frequently, liowever, 
examination of the gastrointestinal and genitoiirinary 
tracts, skin, thyroid, lungs, breast, or head and neck, 
fails to reveal a primary malignant neoplasm. Fetierman, 
Attie, and Rosenblum! reported the cases of 21 such 
patients in 1962. One third of these patients proved to 
have mammary cancer. We were interested in the follow- 
up of patients without proven mammary cancer. 

Review of the records of the past 20 yéars at The 
University of Texas at Houston M: D. Anderson Hospital 
and Tumor Institute revealed 60 patients witli axillary 
metastasis and no known primary site on initial evalu- 
ation. Each patient’s work-up included a thorough history 
and physical examination (specifically oriented to- the 
detection of skin cancer), full radiographic and diag- 
nostic genitourinary and gastrointestinal studies, bone 
survey, chest X-ray film, thyroid evaluation, mammo- 
graphy, brain and liver scans when available, and com- 
plete head and neck examination. Nineteen of these 
patients, approximately one third, were subsequently 
treated for mammary cancer, of whom 18 instances 
were proved antemortem and reported separately by 
Westbrook and Gallager? The 42 remaining patients 
(Table'1) are reviewed in this report in an attempt to 
formulate a plan of treatment for patients with axillary 
metastasis from an unknown primary site and to predict 
the fate of these patients. 


Clinical Material 

Epidemiologic data were of minimal prognostic value. 
Figure 1 shows the age distribution when axillary ma- 
lignancy was first. discovered. The youngest patient was 
5 years old; the oldest was 82. Sex distribution was rela- 
tively even, 23 males and 19 females. Thirty-six of the 
patients were white and six black. All six Negro patients 
were female. 


. Submitted for publication May 26, 1972. 
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From the Department of Surgery, The University of Texas 
at Houston, M. D. Anderson Hospital and Tumor 
_Institute, Houston, Texas 77025 


In 32 patients, a palpable mass was the only presenting 
symptom; it was usually discovered by the patient 
while bathing. In ten of the patients, both mass and , 
pain were the presenting symptoms. The size of the `- 
lesion when the patient was first seen was variable, 
ranging from 1.5 cm. to 9 cm. in diameter. As for tumor 
site, 20 were initially noted in the right axilla. and 22 
in the left. Medical advice was usually sought between’ 
8 and 24 weeks after initial detection of the mass; the 
rarige, however, was from 1 week to 1 year. -In ‘only 
three of the 42 patients was the organ of. ‘primary origin 
discovered antemortem. Thus the majority of thése 
patients were followed throughout their life span with- 
out definite determination of the primary site. 


Non-survivors in Whom Site of Origin was 
Undetermined 

Twenty-four patients, in whom a definitive primary 
lesion was never found; died of the disease (Table 1). 
When initially evaluated, 12 of these patients had - 
no evidence of metastasis other than in the axilla. The 
remaining 12 patients had other metastatic sites on first 
evaluation. Patients who initially had detectable metasta- 
sis in the axilla only survived a longer period of time. 
Their mean survival was 21 months as compared to 11 
months for those with other metastatic foci. ‘This differ- 
ence did not appear to be a result of the latter group’s ré- 
luctance to seek medical advice, The mean interval 
between onset of disease and treatment in the group 
with no other metastasis was 2.4 months as compared 
to 4 months for those with metastasis. 

Eight of the 12 patients without other metastatic 
sites had axillary dissection following thorough evalua- 
tion. Positive nodes were identified in each case. In five 
patients more than one half of the recoyered nodes con- 
tained tumor. In each instance, axillary dissection was 
performed for patients with unclassified malignancy but ` 





TABLE 1. Ounicome of 60 Patients Initially Presenting with Axillary 
Metastasis from an Unknown Primary 

Diagnosed and treated as primary breast cancer 18 
Dead with site of origin undetertnined 24 
Dead with site af origin determined 9 
Survived with no evidence of disease 9 
42 

Total E 60 





with elements suggestive of squanious cell carcinonia or 
- arhelanotic melanoma. Those patients with other met- 
astatic foci had multiple. forms of palliative therapy, 
including chemotherapy and radiotherapy. No definite 
evidence of disease regression could be identified. 
_ In those 12 patients without evidence of disease out- 
Side, the axilla, further metastasis occurred on an average 
i within: 14: 5. ‘months. After the axilla, the supraclavicular 
- Hodes. were the next site of lymphatic drainage, but 
“Were “not necessarily the next site. of. disease spread. 
The*ting or dermal metastases were more likely sites 
(Table 2). Similarly, the site of further metastasis on 
initial evaluation at MDAH was the pulmonary par- 
enchynia (Table 2). 


Nonguiviversi in Whom Site of 
Origin was Determined. 


“Nine T had definitive primary diagnoses either 
from. axillary. biopsy or at postmortem (Tables 1 and 3), 
Al nine are dead from the disease. Three of the patients 
“were male, six female..The average age was 54 with 
a range between 43 and 72. In six of these patients the 
primary lesion was not found until postmortem examin- 
ation. Local excision was the usual mode. of surgical 
therapy and metastatic deposits other than in the axilla 
were rapidly discovered: In the patient with Hodgkin’ S 
disease, the breast was believed, to be the primary 
site and was treated with comprehensive radiation. 
At postmortem, Hodgkin’ s disease was discovered, Three 
patients had mucin-producirig adenocarcinomas; diag- 
nosed on axillary biopsy, two of whom have subse- 
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TABLE 2. Sites of Nonaxillary Metastasis 
Nonaxillary 
Nonaxillary Metastasis 
Metastasis Detected Sub- 
. _ Detected at sequent to 
Site Initial Evaluation Initial Evaluation . 


Supraclavicular 
Gpsilateral) 

Lung 

Generalized daai 

Recurrent axillae 

Brain 
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es died. At postmortem these two patients were 
found to have had primary stomach cancer which had 
not. been obvious on clinical evaluation. The third 
patient underwent local axillary excision in 1967, which 
revealed mucin-producing adenocarcinoma. This evalu- 
ation and ore. in 1969 failed to reveal a primary site. 
The patient was given prophylactic 5- fluorouracil. in 
1969 and rernained free of disease, although he is still 
on medication at last evaluation (Table 4), 


Patients Surviving with No Evidence of Disease 


"Nine patients remained free of disease 2 to 10 years 
after initial diagnosis of a malignant lesion in the axilla 
(Tables 1 and 4). Two of these patients died of other 
causes 2 years after the initial discovery of the disease, 
and no eviderice of residual malignancy was found at 
postmortem examination. In no instance was the primary 
origin of the malignancy located. Five of the patients 
were male, four female; seven were white and two black. 
The average age of the patients was .54, with a range 
between 43 and 72 years. The distribution of these 
figures is similar to- that for the whole series. In two 
of these. patients, axillary dissection was carried out 
because there was a suggestion of amelanotic melanoma. 
There wads one positive node in one patient; none in 
the other. The other seven patients had local excision 
as the only form of surgical therapy. 


TABLE 3. Summary of Patients witha Definitive Pathologic Diagnosts 


Length of Life 
Following 
Axillary 
Diagnosis Diagnosis ‘Mode of 
(Cne patient each) (months) Surgical Therapy 

Lung Axillary dissection 

(Postmortem) 36 (16/19 positive nodes) 
Breast 

(Postmortem) 24 Local excision 
Rhabdomyosarcoma 12 Local excision 
Fibrosarcoma 8 Local excision 
Stomach | . 

(Postmortem) 8 Local excision 
Neurozenic sarcoma 6 Axillary dissection 

(12/18 positive nodes) 

Stomach l 

(Postmortem) 6 Local excision 
Hodgkin's at 

(Postmortem) 6 Local excision 
Pharynx 

(Postmortem) 7 6 Local excision ° 
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Three of the surviving patients had undifferentiated 
metastases possibly from a primary lesion in the breast. 
Each patient received comprehensive radiotherapy and 
was free of disease 2 to 5 years post-therapy. 

Table 5 lists the pathologic diagnoses of the axillary 
specimens removed from these nine patients as well 
as the 24 patients who died with no known primary 
site. The accuracy of the diagnosis of amelanotic mel- 
anoma or squamous cell components depended on the 
ability of the pathologist and more recently the use of 
electron microscopy. Nevertheless, the present survival 
for each group based on pathologic diagnosis was con- 
sistently 20 to 30 per cent (Table 5) with the exception 
of those with mucin-producing metastatic lesions. Those 
patients with a squamous element survived longer after 
diagnosis of the disease than did those in the other two 
groups. 

Conclusion 


The physician must formulate an approach to treat- 
ment of axillary metastasis from an unknown primary 
site. Obviously all diagnostic methods to determine a 
primary source must be used. A thorough search of the 
skin of the extremity and trunk draining the ipsilateral 
axilla must be made. The possibility of a “disappearing” 
primary melanoma? or a small squamous cell lesion must 
be kept in mind. The patient should be questioned 
about previous skin lesions removed by electrocautery. 
Special staining technic and electron microscopy can be 
a great aid to the pathologist in diagnosing melanoma 
and various types of sarcomas. 

In the experience of Feuerman, Attie, and Rosen- 
berg, once malignancy reached the axilla from an 
extramammary site, there were unequivocal signs point- 
ing to the diseased organ of origin. This was true in 
very few of our patients. Nevertheless, we would agree 
with these authors and with Westbrook? that the breast 
is the most likely source of an undifferentiated axillary 


TABLE 4. Summary of Patients Free of Disease on Last Follow-up 
Evaluation 





Length of Life 
Pathologic Diagnosis Following Diagnosis 


Primary Mode of 
Therapy 


Undifferentiated 


Suggest squamous ca. 10 yrs. Local excision 
Undifferentiated 
Suggest squamous ca. 8 yrs. Local excision 
Unclassified 5 yrs. Local excision 
Mucin producing 
adenocarcinoma 5 yrs. 5-FU 
Unclassified 5 yrs. Comprehensive XRT 
2 yrs. 
(Dead, no evidence 
Unclassified of malignancy} Comprehensive XRT 
2 yrs. 
(Dead, no evidence 
Unclassified of malignancy) Comprehensive XRT 
Axillary dissection 
Unclassified 2 yrs. (0/18 positive nodes) 
Undifferentiated Axillary dissection 
Suggest melanoma 2 yrs. (1/25 positive nodes) 


AXILLARY METASTASIS 


TABLE 5. Pathological Diagnosts of Axillary Mass in Patients with 
Primary Site Undetermined to Date 


Survivors 
(NoEvidence Average Survival 
Total of Disease) (Dead with Disease) 


Poorly differentiated 
(Unclassified } 15 4 
Poorly differentiated 
(Possibly amelanotic 


15.5 months 


10 months 


melanoma) 10 2 
Poorly differentiated 
(Suggest squamous ca.) 7 2 30 months 
Poorly differentiated 
(Mucin producing) 1 1 Q months 


malignant lesion in women. In women with unclassified 
malignancies in whom no evidence of an extramammary 
source can be demonstrated, comprehensive radiotherapy 
to the ipsilateral breast and peripheral lymphaties would 


seem to be the treatment of choice. In those: women: 


OT 


with pendulous breasts or gross disease remaining’ in. 


the axilla, a simple or extended simple mastectomy; should 
be performed in order to make delivery of radiotherapy 


more efficacious. In women with small or atrophic’ breasts 
and minimal axillary disease, particularly those patients 


in whom no evidence of a breast primary can be demon- -. 


strated by mammography, xerography, or thermography, 
a mastectomy prior to radiation is not recommended. 
Radical mastectomies should not prove necessary. 


Those patients with melanoma localized within the | 


axillary lymph nodes should have an axillary dissection: 


The number of involved nodes can probably be used: 


as a prognostic guide. Certainly those with more than? 


five nodes invclved have a poor prognosis. Men with 
unclassified malignancies should have axillary dissections 
for local control and, hopefully, for disease eradication. 
This also holds true for sarcomas localized within the 
axillary contents. Most patients with squamous cell 
lesions in this series were treated with local excision; 
squamous cell cancers tended to metastasize widely 
before recurring in the axilla. Experience with squamous 
cell metastasis to the axilla from known primaries, 
however, leads us to recommend axillary dissection for 
those with unknown primaries as well. These metasta- 
ses if left alone, tend to become bulky and ulcerate, 
often requiring forequarter amputation for palliation 
alone. Needless to say, the patients require close follow- 
up study and proper therapy for the primary or met- 
astatic disease as it becomes clinically apparent. 
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Hartmann Procedure for Carcinoma of 


the Sigmoid and Rectum 


ROBERT D. GONGAWARE, M.D.,* CHARLES A. SLANETZ, JR., M.D.** 


EMOVAL OF THE SIGMOID COLON with intraperitoneal 
R closure of the bowel below the tumor combined 
with .an end sigmoid colostomy was first described by 
Henri. Hartinann i in 1921.4 In 1927, his student, Soupault, 
‘Feported: on.31 cases with two operative deaths.’ Hart- 
mäùn reviewed his group of 34 cases in 1934.5 In his 
series, there were four postoperative deaths resulting 
in an operative mortality of 8%. 

The scope of Hartmann’s operation was extended by 
_ Gabriel, Rankin,® and Muir.’ These surgeons used the 
operation for carcinornas at or below the peritoneal 
. ‘reflection, ‘and left the closed rectal stump in an extra- 
peritoneal ‘position. Both Gabriel and Muir emphasized 
` pelvic abscess as an important complication of the ex- 
tended procedure. Golliger differentiated Hartmann’s 
operation from “the Extended Hartmann Procedure.” 
Most surgeons, he believed, used the intraperitoneal 
operation. The major disadvantage cited by Golliger 
with the extended procedure was difficulty in establish- 
ing adequate drainage of the pelvic cavity when the 
rectal stump is closed in the extraperitoneal position. 

This report represents a review of 100 consecutive 
Hartmann resections done at the Columbia-Presbyterian 
Medical Center and Francis Delafield Hospital from 
1929-1969. 


Clinical Study 


Review of 100 consecutive Hartmann resections from 
1929 through 1969 revealed that 61 were done after 
1950. There were 56 men and 44 women in the series. 
The average age of the patients was 60.5 years (range 
19 to 91 years). 

Hartmann resection was employed as a palliative pro- 
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cedure in 65% of cases. Pathologic classification of 
tumors revealed 2% Duke’s A, 26% Duke’s B, 29% 
Duke's C, and 41 Duke’s D (total 98%). Two procedures 
were done for gynecologic cancers. Extension of the 
carcinoma beyond the bowel wall was present in 
43% and liver metastases were present in 27% of 
cases. 

Hartmann’s operation with intraperitoneal dosue of 
the rectal stump was done in 43 instances. Extended 
Hartmann’s procedure was done in 57 instances. 

The indications for performing a Hartmann procedure 
are listed in Table 1. The procedure was chosen when 
anterior resection with anastomosis could not be safely 
accomplished and when the extended dissection of ab- 
dominoperineal resection was considered too hazardous. 
Often, when faced with sudden deterioration in the 
patient’s condition during a planned anterior or abdom- 
inoperineal resection, the surgeon resorted to closure of 
the rectal stump and an end sigmoid colostomy to 
rapidly terminate the procedure. The presence of a 
perforated carcinoma with a pelvic abscess or locally 
extensive carcinoma suggesting inevitable local recur- 
rence were also frequent indications. 


Morbidity and Mortality 


There were 18 hospital deaths resulting in a mortality 
rate of 18%. Thirteen of the patients died within 30 days 
of this operation. Pelvic abscess was the principal cause 
of death in 11 of the 18 hospital deaths. Three additional 
patients died of sepsis without pelvic abscess, one died 
of bronchopneumonia, one of pelvic hemorrhage, one of 
a thrombosed aorta and one of carcinomatosis. The 
breakdown of mortality according to type of procedure 
is noted in Table 2. 

Postoperative pelvic infection was noted in 30% of 
cases with intraperitoneal closure of the rectal stump 
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but was present in 75% of extended Hartmann pro- 
cedures. 

The average period of postoperative hospitalization 
for patients with intraperitoneal closure of the rectal 
stump was 25 days. Forty-two days were required for 
the extended Hartmann procedure. This longer period 
of hospitalization was directly related to the treatment 
of pelvic infection. 


Long-term Follow-up 


Of the 32 curative resections 10 patients, or 30% 
were free of tumor at 5 years. three patients had been 
lost to follow-up, and there were five operative deaths, 
The patients died of the disease an average of 31 months 
postoperatively. 

Of the 69 palliative resections performed average 
survival was 11 months. Five patients in this group were 
lost to follow-up and one was alive at 42 months free 
of disease and one was alive at 31 months with re- 
current disease. 

Local recurrence rate for Duke’s B tumors was 35% 
and was 48% for Duke's C tumors. This compares to 
a local recurrence rate of 25% for Dukes B and 38% 
for Duke’s C following abdomino-perineal resection in 
cases reviewed at our institution from 1944 to 1963. Dur- 
ing the same period, local recurrence following anterior 


resection was 23% for Duke’s B and 33% for Duke’s C 


cancers.1° 


Discussion 


It is clear from our review that Hartmann procedures 
have been done at our institution primarily in the poor 
risk patient with advanced cancer in the hope of achiev- 
ing an increased degree of palliation, in terms of lon- 


_ gevity and comfort, over that available from colostomy 


alone. 

The extended “Hartmann procedure has been used 
frequently in poor risk cases where a low anastomosis 
was difficult and the prospect of local recurrence was 
high. In the recent 20-year period, 60 per cent of 
Hartmann resections involved extraperitoneal closure of 
the rectal stump whereas prior to 1950 less than half 
the cases were of the extended type. 

Although mortality for the original type of Hartmann 
resection with intraperitoneal closure has declined from 
30% to 9% as a result of improved preoperative pre- 
paration and postoperative management,® the extended 
Hartmann procedure still carries a 16% mortality. De- 
spite antibiotic therapy, the extended Hartmann resection 
with its extraperitoneal closure of the rectal stump in- 
curs a 75% incidence of pelvic septic complications and 
an average hospital stay of 42 days. Consider carefully 
this rate of morbidity in light of anticipated survival 
following palliative resection of cancer in the rectum 
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TABLE 1. Indications 





Widespread metastases 18 
Locally extensive carcinoma 

Perforation with fecal spillage during surgery 
Preoperative perforation or abscess 
Technical difficulty with anastomosis 
Advanced age or “poor risk patient” 
Intraoperative physiologic emergency 
Indication not stated 
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or rectosigmoid. The average survival of less than 12 
months in our series of extended Hartmann resections 
for incurable malignancy represents little significant 
palliation over simple diverting colostomy.” 

If the extended Hartmann resection is to be used as 
an effective alternative to abdomino-perineal resection 
in poor risk patients, it is imperative that we reduce 
the risk of pelvic sepsis and mortality to more reasonable 
levels. Antibiotic preparation of the bowel and “aseptic 
technic alone are not sufficient in the faceöf ..4::con- 
taminated retroperitoneal space between rectal stump 
and peritoneal closure. Adequate drainage of this space 
can best be accomplished by not closing the peritoneum 
at all, and by draining the pelvis with sump suction 
catheters either abdominally through a lower abdominal 
stab wound or behind the rectal stump in the presacral . 
plane. Drainage through the rectal stun has poven 
unsatisfactory. 

Although anterior resection, even with abode pré- 
paration, carries a 12% risk of anastomotic or intrapelvic . 
infections it is preferred to Hartmann resection if tech- $- 
nically feasible.1° When the patient is such a poor risk 
that abdomino-perineal resection is considered too haz- 
ardous, we might choose to perform a diverting colost- 
omy and control the tumor by fulguration.™!? In cancer 
of the distal sigmoid where anastomosis is dangerous 
because of pelvic infection secondary to perforation 
of the tumor, unresectable spread within the pelvis, or 
intra-operative deterioration of the patient’s condition 
we shall not hesitate to proceed expeditiously to a 
Hartmann type resection particularly where intraperi- 
tioneal closure with an adequate margin of resection is 
possible. 


Summary 


Hartmann’s procedure for carcinoma of the pelvic 
colon is described and differentiated from extended 


TABLE 2. Mortality 
1929-1950 1951-1969 
Original Hartmann 7/20 = 35% 2/23 = 9% 
Extended Hartmann 3/19 we TE 6/38 = 16% 
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Hartmann’s procedure where the distal line of resection 
..is extraperitoneal. 

The original procedure has a definite but limited place 
in the surgeon’s repertoire when dealing with a poor 
* risk patient with carcinoma of the distal sigmoid. Ex- 
. tended Hartmann’s procedure should be used only rarely 
` and with caution. Methods of decreasing the mortality 
and morbidity of extended Hartmann’s procedure are 
discussed. 
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Leiomyoma of Meckel’s Diverticulum— 
Preoperative Radiologic Demonstration 


Case Report 


IMAD F. TABRY, M.D.,VICTOR H. NASSAR, M.D., JIRAYR P. BALIKIAN, M.D. 


ECKEL'S DIVERTICULUM is known to occur in about 
two per cent of the general population? and be- 
comes the site of pathologic changes in about 20 per 
cent of those individuals in whom it occurs.1° Of the 
various pathologic entities involving this structure, neo- 


plasms are a rarity occurring in about one per cent of 


the cases.7° However, analysis of a series of 400 cases 
of Meckel’s diverticulum did not mention a single case 
of neoplasm.? Reviewing the world literature and their 
own files, Weinstein et al.11 could report 106 well docu- 


: mented cases of neoplasm of the Meckel’s diverticulum 
in 1963; among these 26 were benign tumors and 80 


were malignant. The most common benign tumor was 
leiomyoma of which 10 cases were reported. Since then 
we could find three new cases of leiomyoma in the 


. more recent literature?> making a total of 13 cases. In 


all the cases, however, the diagnosis was made at op- 
eration or were pathologic findings. The purpose of this 
paper is to report a case of leiomyoma of Meckel’s 
diverticulum which was suspected preoperatively on 


‘roentgen examination and confirmed on pathologic study. 


Case Report 


_ A 65-year-old married Lebanese woman was admitted to 
A.U.M.C. because of recurrent episodes of rectal bleeding and 
chronic anemia of 4 years’ duration. During these episodes she 


used to pass soft, dark stools, but no frank blood, pus or mucous. 


At no time did she have hematemesis. Shè also complained of 
heart burn for the past 40 years for which she was prescribed 
antacids and responded well. Several upper GI series failed, 
however, to demonstrate an ulcer. For the past 6 years she was 
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hypertensive and her BP was controlled by Aldomet and Esidrix. 
The last episode of melena occurred 1 week prior to admission 
and lasted 3 days. On physical exam, BP was 130/70 mm. Hg, 
pulse 84 min, she looked very anemic. Her abdomen was soft, 
no mass was palpable on abdominal, rectal or vaginal examina- 
tion. The rest of her physical examination was negative. Hematog 
crit was 18%, Guaiac tests repeatedly done on stools were. éga“ 
tive during her stay in the hospital. TSP was 6.3 A/G: 3. 2/3.Y;. 
alkaline phosphatase, 3.4. She was transfused with. 4° units of 
packed cells. Chest X-ray, barium enema and upper. gastroin- 
testinal series were negative. Small intestinal series showed an 
outpocketing measuring about 6 X 3 cm. in the ileum (Fig. 1). 
There was rigidity and thickening of its wall evidenced by 
failure of contraction of this outpockéting during fluoroscopic 
observation and increased distance between it and the adjacent 
bowel loops seen on subsequent films (Fig. 2). The inner wall 
was slightly irregular and at no time could eny mucosal folds 
be demonstrated. In the lumen of this pouch, there was a small 
area of persistent filling defect, measuring about 1 cm. in di- 
ameter. The barium contrast was retained within the diverticu- 
lum as long as 8 hours, at which time all the barium from the 
small bowel was. evacuated. The radiologic -mpression of the 
lesion was Meckel’s diverticulum with an infiltrative process; neo- 
plasm and chronic inflammation were considered. 
__ At operation, a hard outpocketing was found at the anti-mes- 
enteric side of the lower ileum, about 90 cm. proximal to the 
ileo-cecal valve. Large blood vessels passing to the anterior 
abdominal wall were stretched over the mass (Fig. 3). The mass 
was excised along with a 12 cm. segment of ileum, continuity be- 
ing re-established by end-to-end anastomosis. There was no evi- 
dence of metastasis and the diagnosis was believed to be a tumor 
involving Meckel’s diverticulum. 

On gross pathology, the tumor was noduler on its. surface, 
roughly spherical and measured approximately 6 cm. in diameter. 
On section, a central cavity was seen filled with watery fecal ma- 
terial and lined by an uneven dark granulation tissue. The cavity 
communicated with the intestine through an opening, measuring 





3 to 4 mm. in diameter. The wall of the tumor was thick and 
measured 1 to 2 cm. (Fig. 4). On cutting through it, several areas 
of calcification were recognized. 

On microscopy, the solid part of the tumor was composed of 
interlaced bundles of closely packed spindle cells with large 
elongated oval nuclei. In some areas the cells formed a palisade 
arrangement (Fig. 5). The cellularity of the tumor was variable 
from area to area, being least in the calcified areas and highly 
cellular at places. However, mitotic figures were exceedingly 
rare. The tumor was not encapsulated and infiltrated the muscu- 
laris of the adjacent ileum. The mucosal side of the tumor was 
totally replaced by a layer of granulating tissue except on the 
edges where it was partly covered by intact intestinal mucosa 
(Fig. 6). The histologic diagnosis was: Cellular leiomyoma arising 
in the wall of Meckel’s diverticulum. 





Fic. 2. Spot film made at fluoroscopy: the wall of the diverticulum 
was rigid and thickened with displacement of the surrounding 
bowel wall. 
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Fic. 1. A: (left) Small 
bowel series showing an 
outpocketing in the ileum. 
Note that the rest of the 
bowel appears normal. B: 
(right) delayed roent- 
genogram showing reten- 
tion of barium in the di- 
verticulum while there is 
complete evacuation from 
the rest of the bowel. 


It is rare, if ever, that a tumor involving the Meckel’s 
diverticulum, has been reported preoperatively. In this 
case, roentgenologic examination of the small intestine 
offered the clue to the diagnosis. In the Middle East, 
aneurysmal dilatation of the small intestine is frequently 
encountered in lymphomas of the gut.’ However, in the 
latter, the dilatation is circumferential with loss of 
muscle tone and infiltration of the bowel wall with the 
lymphomatous process. This was not the situation in 
this case, since the lesion presented as an eccentric out- 
pocketing. 

At operation, the difficulty was to distinguish between 
a tumor arising in a Meckel’s diverticulum and an ec- 
centric leiomyoma! which perforated in the lumen 
of the intestine, a pseudo-diverticulum.*:* In this par- 





Fic. 3. Photograph showing enlarged remnants of the vitelline 
vessels stretched over the tumor. 
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Fic. 4. Photograph showing cross-section of the tumor wall. 


ticular case, the diagnostic value of enlarged remnants 
of the vitelline vessels was important in confirming the 
Meckelian origin of the tumor as supported by Wein- 
stein et al.!! Moreover, the edges of the tumor in our 
patient were covered by intact intestinal mucosa. 
Histologically, the tumor was judged as a cellular 
leiomyoma, arising from the muscular coat of the in- 
testine rather than a leiomyosarcoma; mitoses were rare. 


Summary 


Leiomyomas and leiomyosarcomas are the most com- 
mon tumors of Meckel’s diverticulum.!! However, there 
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Fic. 5. A photomicrograph of the tumor shows detail of PR 


with palisading ( X125; H.E.). 
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Fic. 6. A photomicrograph of the tumor shows the edges of the 
diverticulum covered with mucosa ( x50; H.E.). 


is no record in the English literature of any correct 
preoperative diagnosis of tumor arising in Meckel’s 
diverticulum even with the use of angiography. 

A case of leiomyoma of Meckel’s diverticulum is re- 
ported with a correct preoperative roentgen diagnosis. 
The detailed roentgenologic, operative and histologic 
findings are discussed. 
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Perforation of the Small Intestine Secondary to 
Laparoscopic Tubal Cauterization 


EDWARD C. SALTZSTEIN, M.D.,* SAUL F. SCHWARTZ, M.D.** 


HE MOST SERIOUS COMPLICATION of laparoscopic tubal 
cauterization is unrecognized or inadvertent fulgu- 


ration of the ileum.? 


_ This paper reports three recent cases of perforation 
of the small intestine secondary to laparoscopic tubal 
cauterization. Although small intestinal burn has been 


mentioned as a possible complication of tubal fulgura- 


tion,? we are unaware of specific case reports of small 
intestinal perforation in the literature. 


' Case Reports 


me #xCase 1. A 24-year-old woman, Gravida 3, Para 2, underwent 
. laparoscopy with bilateral tubal fulguration on 10/5/71 (Mount 
. ‘Sinai Medical Center, Milwaukee, Wisconsin). Laparoscopic ab- 
> dominal exploration was negative and tubal ligation was performed 
` without incident utilizing the biopsy tong. The patient had a low 


grade fever the day following the procedure and complained of 
a slight sore throat, but 2 days after operation was afebrile and 
was discharged from the hospital. 

On 10/8/71, 3 days after tubal ligation, the patient was read- 
mitted to the hospital following sudden onset of lower abdominal 
pain starting with a cramp and becoming increasingly severe within 
one-half hour. She took a shot of brandy and vomited once after 
that. The pain described was not crampy in nature. 

On physical examination, the abdomen was soft in the upper 
quadrants, but there was marked guarding in the lower quadrants. 
There was marked tenderness with rebound tenderness present 
in both lower quadrants. Rebound tenderness to a lesser degree 
was also present in the upper quadrants. The bowel sounds were 
hypoactive and slightly high pitched. Pelvic examination revealed 
marked paracervical tenderness. The white- blood count on ad- 
mission was 20,000 with a shift to the left. A low grade fever was 
present. X-rays revealed a minimal amount of gas without any 
free air present. 

The impression at the time was that the patient had a compli- 


catign of laparoscopic tubal ligation. The possibility of a bum 
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with perforation of the small intestine was primarily considered, 
although pelvic inflammatory disease secondary to the surgical 
procedure was also considered. The patient was operated upon the 
evening of 10/8/71. A peri-umbilical midline incision was used. 
Upon entering the peritoneal cavity a moderate amount of murky 
peritoneal fluid was encountered. There were filmy and fibrous 
adhesions of the small intestine and pelvis to adjacent viscera. The 
uterus and tubes were inspected, and there was no evidence of 
acute inflammatory reaction. The site of tubal cauterization was 
identified and appeared to be normal for this state of postoperative 
recovery. A normal appendix was located in a retroperitoneal po- 
sition. In the proximal ileum an area of perforation with localized 
coagulation necrosis about the perforation was identified (Fig, 1). 
The remaining small intestine was essentially normal. 

An area of approximately 2 cm. surrounded the perforation 
which appeared to represent burned tissue. It was elected, there- 
fore, to resect a 3 to 4-inch segment of small intestine to include _ 
all areas of coagulation necrosis, The patient made an uneventful 
recovery and was discharged from the hospital 9 days after op- 
eration. 

Case 2. A 23-year-old Gravida 2, Para 2, woman was admitted 
to the hospital on 12/2/71 for an elective permanent sterilization 
procedure (St. Luke’s Episcopal Hospital, Houston, Texas). On 
12/3/71 a laparoscopy and bilateral tubal fulguration and division 
was performed, using the biopsy tong and the technic of co- 
agulation followed by cutting/twisting. There were no unusual 
circumstances, and the intestine appeared to be well away from 
the coagulation site. However, in coagulating the left tube, “there 
was a blanching of the entire tube out to the fimbriated end.” The 
patient had an uneventful postoperative course, and was dis- 
missed from the hospital on the following day. 

She was readmitted to the hospital on 12/10/71, following sud- 
den onset of lower abdominal pain of a spurting diffuse nature. 
There was no nausea or vomiting. Abdominal examination revealed 
diffuse tenderness with moderate distention of the lower abdomen. 
The tenderness was most marked in the right lower quadrant. 
On pelvic examination, no abnormalities were noted. A culdocente- 
sis returned 10 cc. of straw-colored fluid. The patient was treated 
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Fic. 1. Perforation of the 
distal ileum with sur- 
rounding burn reaction. 
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by intravenous fluids and medication for pain, and appeared to 
improve. However, she developed a temperature of 37.8 C, and 
the white count was elevated to 12,200 with a shift to the left, 
and the pulse rate increased. By 12/13/71, although the patient 
began to have intestinal function, the abdomen was distended 
and abdominal X-rays revealed loops of distended small intestine. 
Therefore, an exploratory laparotomy was performed, and a per- 
foration of the distal ileum with a localized area of necrosis sur- 
rounding the perforation was identified. A resection of approxi- 
mately 6 inches of ileum encompassing the perforation was 
performed. The postoperative course was uneventful. 

Case 3. A 39-year-old woman, Gravida 3, Para 3, with a past 
history of cholecystectomy and pelvic surgery for endometriosis, 
underwent elective laparoscopy and bilateral electrocauteriza- 
tion and electro-surgical resection of the fallopian tubes on 10/ 
13/70 (Doctors Hospital Complex, Milwaukee, Wisconsin). At 
operation, both fallopian tubes and ovaries were within normal 
limits. 

Cauterization was performed with the biopsy tong. It was seen, 
after the second tube was cauterized and resected, that a section 
of approximately 1.5 cm. in greatest diameter of the small in- 
testine had been cauterized. The area was white. The surrounding 
area was pink, and did not involve the mesentery of the small in- 
testine. It was elected to observe the patient for possible intestinal 
problems. 

Over the ensuing 36 hours there were increasing signs of peri- 
toneal irritation and small intestinal obstruction, and the patient 
was operated upon the evening of 1/14/71. There was gross con- 
tamination in the right lower quadrant, and a loop of intestine 
was identified which was perforated. There was a great deal of 
burn reaction around the perforation. It was felt that closing the 
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perforation would be unsatisfactory, and 6 to 8 inches of small 
intestine were resected. The patient made an uneventful recovery. 


Discussion 


The use of electrocoagulation to interrupt the in- 
tegrity of the fallopian tube during laparoscopy is 
standard procedure. Reported complications of lapa- 
roscopic tubal cauterization are unusual, postoperative 
discomfort is minimal, and patients usually return to 
their normal activities within 24-48 hours.'~* 

Coagulation necrosis of adjacent viscera by direct 
application of cautery or from sparking is a possible, 
even if extremely unlikely, complication of the proce- 





Fic. 2. Photomicrograph of the distal ileum showing extensive 
coagulation necrosis. 
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dure. In the first two cases reported above, the operating 
gynecologist had no difficulty in distending the abdo- 
men, there were no adhesions, there was no intestine 
in the immediate area of the tube during cauterization, 
` and the cautery was not inadvertently applied. In the 
third case, coagulation of the intestine was noted at 
the time of tubal cauterization. Although the patient 
had previous pelvic surgery for endometriosis, which 
could be expected to result in adhesions complicating 
the performance of laparoscopy, the tubes and ovaries 
were reported as easily visualized. 

Steps to prevent coagulation necrosis of the small 
intestine are of extreme importance,’ Proper equip- 
ment, and good anesthesia to avoid straining, are es- 
sential. Steep Trendelenberg and adequate gas distention 
of the abdomen as well as appropriate manipulation 
of the tube with the cauterizing instrument are mea- 
sures to employ to avoid contact with adjacent intestine. 
The cautery attachment should be connected only 
during actual cauterization. 

The clinical picture in the above reported cases sug- 
gests a typical pattern, consistent in all respects with 
spreading pelvic peritonitis. The first two patients had 
very uneventful postoperative recoveries from lapa- 
roscopic tubal cauterization until the third to seventh 
day when they developed sudden lower abdominal pain 
which began to spread to the remainder of the abdomen. 
This was associated with a rising fever and white count. 
Nausea and vomiting were inconstant accompanying 
symptoms. Physical examination revealed the presence of 
abdominal tenderness with rebound primarily in the 
lower abdomen. Pelvic examination was unremarkable 
except for evidence of peritoneal irritation. In both cases 
a complication of laparoscopy was suspected, and a dif- 
ferential diagnosis between postoperative pelvic inflam- 
matory disease and small intestinal perforation sec- 
ondary to electro-coagulation was made. 

In the third case, intestinal burn was noted at the 
time of tubal cauterization, and perforation undoubtedly 
followed soon thereafter. Perforation in these three cases 
occurred hours, 3 days, and 7 days following intestinal 
burn, and the time delay from burn to perforation 
would appear to be related to the severity of the 
coagulation necrosis. 

At operation, the small intestinal perforations were 
readily demonstrated. The degree of peritonitis de- 
pended upon the amount of spillage and the length 
of time from perforation to exploration. The small per- 
foration, in all three instances, was surrounded by an 
area of coagulation necrosis grossly visible, and it was 
deemed advisable to resect a portion of small intestine 
sufficient to include this area of coagulation necrosis 
(rather than simple closure of the perforation). His- 
tologic examination of the resected tissue confirmed the 
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presence of coagulation necrosis spreading for 1-2 cm, 
(Fig. 2). Therefore, resection of small intestine would 
seem to be indicated to prevent subsequent reperfora- 
tion, and resection of the small intestine with end-to- 
end anastomosis was followed by complete recovery in 
all three patients. 

Exploration was delayed in Case 2. A trial of con- 
servative therapy to treat a possible inflammatory pro- 
cess in the absence of a definite diagnosis of small 
intestinal perforation was deemed advisable. Delay 
in operation following intestinal perforation is fraught 
with complications, and further delay in operating on 
Case 2 could have had a high morbidity rate with sec- 
ondary small intestinal obstruction and intra-abdominal 
abscess. Appropriate therapy appears to be immediate 
operation upon suspicion of small intestinal perforation. 
The risk of delay with perforation would greatly out- 
weigh the risk of exploration for pelvic inflammatory 
disease in an otherwise normal young woman. 


Summary 


Three cases of perforation of the small intestine 
following laparoscopic tubal cauterization for female 
sterilization are reported. Measures to avoid cauterization 
of adjacent viscera during laparoscopy are emphasized. 
Patients have (unless perforation is immediate) sudden 
lower abdominal pain up to 7 days after tubal cauter- 
ization, and subsequently develop spreading peritonitis. 
The time delay from burn to perforation appears to be 
related to the severity of the coagulation necrosis. Ap- 
propriate treatment consists of prompt surgical explora- 
tion with resection of small intestine to include areas of 
coagulation necrosis surrounding the small perforation. 
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efights skin infections 
due to susceptible 
organisms 

erarely sensitizes 


POLYSPORIN OINTMENT 


Each gram contains: Aerosporin® brand 
(polymyxin B-bacitracin) Polymyxin B Sulfate 10,000 units; Zinc Bacitracin 


500 units, in special white petrolatum q.s. 








For minor burns, cuts, infections. Topical antibacteria! action 
against a wide range of susceptible organisms. Rare 
chance of sensitization. Especially for patients with 


possible sensitivity to other topical antibiotics. 







Available in 1- and ¥2-0z. tubes. 
Contraindications: This product is contraindicated in those 
individuals who have shown hypersensitivity to any of its components. 


Caution: As with other antibiotic products, prolonged use may 
result in overgrowth of nonsusceptible organisms, including 
fungi. Appropriate measures should be taken if this occurs. 
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For the patient with a terminal illness, PAIN past, 
present, and future can dominate his thoughts 
until it becomes almost an obsession. The more he 
is aware of the pain he is now experiencing, the 
more difficult it is to erase his memory of yester- 
day's pain, and to allay his fearful anticipation 

of tomorrow's pain. 


Surely the last thing this patient needs Is an 
analgesic containing caffeine to stimulate the 
senses and heighten pain awareness. A far more 
logical choice is Phenaphen with Codeine. The 
sensible formula provides % grain of phenobarbital! 
to take the nervous “edge” off, so the rest of the 
formula can help control the pain more effectively. 
Don’t you agree, Doctor, that psychic distress 

is an important factor in most of your terminal 

and long-term convalescent patients? 


the analgesic formula that calms instead of caffeinates 
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Phenaphen with Codeine No. 2, 3, or 4 contains: Phenobarbital 

(% gr.), 16.2 mg. (warning: may be habit forming); Aspirin (2% gr.), 
162.0 mg.; Phenacetin (3 gr.), 194.0 mg.; Codeine phosphate, ⁄4 gr. 
(No. 2), % gr. (No. 3) or 1 gr. (No. 4) (warning: may be habit forming) 


Indications: Provides relief in severer grades of pain, on low 
codeine dosage, with minimal possibility of side effects. Its use 
frequently makes unnecessary the use of addicting narcotics. 
Contraindications: Hypersensitivity to any of the components. 
Precautions: As with all phenacetin-containing products, excessive 
or prolonged use should be avoided. Side effects: Side effects 

are uncommon, although nausea, constipation and drowsiness 
may occur. Dosage: Phenaphen No. 2 and No. 3—1 or 2 capsules 
every 3 to 4 hours as needed; Phenaphen No. 4—1 capsule every 

3 to 4 hours as needed. For further details see product literature. 


Qi Phenaphen with Codeine is now classified in Schedule III, 

Controlled Substances Act of 1970. Available on written or 
oral prescription and may be refilled 5 times within 6 months, 
unless restricted by state law. 


A. H. Robins Company, Richmond, Va. A-H-ROBINS 





Injectable Valun? diazepam) 
the versatile psychotherapeutic agent 


prior to surgery 


Injectable Valium (diazepam) can 
promptly calm the surgical patient by lessening 
the excessive anxiety and undue tension that 
may be associated with strange surroundings 
and disturbing procedures. And it can provide 
the added advantage of diminishing recall 


of preoperative procedures. 

The recommended dosage is 10 mg, 
I.M., administered one to two hours 
preoperatively. Injectable Valium (diazepam) 
should not be mixed or diluted with other drugs, 
solutions or fluids. 


adjunctively prior to 
gastroscopy and esophagoscopy 


Injectable Valium (diazepam) can 
be a valuable adjunct in allaying excessive 
anxiety when it accompanies such procedures. 
It reduces the anxiety, yet allows the 
patient to cooperate by responding to 
commands and following instructions. 
It isnot recommended for bronchoscopy 


and laryngoscopy because of the possibility 
of increased cough reflex and laryngospasm. 
Necessary countermeasures should be 
immediately available. 

Half an hour before gastroscopy or 
esophagoscopy, a 5 to 10 mg dose is administered 
I.M. or I.V. 

















prior to cardioversion 


Through relief of undue anxiety and excessive tension, 
Injectable Valium (diazepam) can effectively calm the patient..Mem- 
ory of the cardioversion procedure can be markedly diminished. 
Injectable Valium seldom significantly alters vital signs. Nevertheless, 
there have been infrequent reports of hypotension and rare reports 
of apnea and cardiac arrest. Resuscitative facilities should be immedi- 
ately available. 

Five to ten minutes before elective cardioversion, the 
recommended dosage is 5 to 15 mg, injected slowly I.V. (5 mg/min.). 





Injectable 
Valiuny (diazepam) 


ready-to-use 2-ml 
“Tel Ject™ 
(disposable syringes) l 
10-ml vials 5 mg/ml 
2-ml ampuls 


For a summary of product information, please see 
the following page. 


Injectable Valium’ (diazepam) 


psychotherapeutic 


Before prescribing, please con- 
sult complete product tntonm ation; 
a summary of which follows: 
Indications: Tension and anx- 
iety states; somatic complaints 
_ which are concomitants of emo- 
tional factors; psychoneurotic states 
manifested by tension, anxiety, ap- 
prehension, fatigue, depressive 
symptoms or agitation; symptomatic 
relief of acute agitation, tremor, de- 
lirium tremens and hallucinosis due 
to acute alcohol withdrawal; adjunc- 
tively in: relief of skeletal muscle 
spasm due to reflex spasm to local 
pathology; spasticity caused by up- 
per motor neuron disorders; atheto- 
sis; stiffman syndrome; tetanus; 
„status epilepticus and severe recur- 
_, rent seizures; anxiety prior to gas- 
» troscopy, esophagoscopy, and surgi- 
* cal procedures; cardioversion (I.V). 

Contraindicated: In infants; in 
patients with known hypersensitivity 
to the drug; in acute narrow angle 
glaucoma; may be used in patients 
with open angle glaucoma receiving 
appropriate therapy. 

Warnings: Inject I.V. slowly, 
directly into vein; take at least one 
minute for each 5 mg (1 ml) given. 
Do not mix or dilute with other solu- 
tions or drugs. Do not add to I.V. 
fluids. Rare reports of apnea or car- 
diac arrest noted, usually following 
LV. administration, especially in 
elderly or very ill and those with 
limited pulmonary reserve; dura- 
tion is brief; resuscitative facilities 
should be available. Not recom- 
mended as sole treatment for psy- 
chotic or severely depressed patients. 
Should not be administered to pa- 
tients in shock, coma, acute alcoholic 
intoxication with depression of vital 
signs. Caution against hazardous 
occupations requiring complete 
mental alertness. Advise against 
simultaneous ingestion of alcohol 
and other CNS depressants. With- 
drawal symptoms (similar to those 
with barbiturates and alcohol) have 
occurred following abrupt discon- 


the versatile 


agent 


tinuance (convulsions, tremor, ab- 
dominal and muscle cramps, vomit- 
ing and sweating). Keep addiction- 
prone individuals under careful 
surveillance because of their pre- 
disposition to habituation and de- 
pendence. In pregnancy, lactation or 
women of childbearing age, weigh 
potential benefit against possible 
hazard to mother and child. 

Precautions: If combined with 
other psychotropics or anticonvul- 
sants, carefully consider individual 
pharmacologic effects—particularly 
with known compounds which may 
potentiate action of Valium 
(diazepam), such as phenothiazines, 
narcotics, barbiturates, MAO in- 
hibitors and other antidepressants. 
Usual precautions indicated in pa- 
tients severely depressed, or with 
latent depression, or with suicidal 
tendencies. Observe usual precau- 
tions in impaired renal or hepatic 
function. Not recommended for 
bronchoscopy, laryngoscopy, obstet- 
rical use, or in diagnostic pro- 
cedures other than gastroscopy 
and esophagoscopy. Laryngospasm 
and increased cough reflex are pos- 
sible during gastroscopy; necessary 
countermeasures should be avail- 
able. Hypotension or muscular 
weakness possible, particularly when 
used with narcotics, barbiturates or 
alcohol. Since effect with narcotics 
may be additive, appropriate reduc- 
tion in narcotic dosage is possible. 
Use lower doses (2 to 5 mg) for el- 
derly and debilitated. Safety and effi- 
cacy in children under 12 not 
established. 

Side Effects: Drowsiness, fa- 
tigue, ataxia, confusion, depression, 
constipation, dysarthria, diplopia, 
headache, hypoactivity, hiccups, 
hypotension, incontinence, jaundice, 
nausea, changes in libido, changes 
in salivation, phlebitis at injection 
site, urinary retention, skin rash, 
syncope, slurred speech, urticaria, 
tremor, vertigo, blurred vision. Para- 
doxical reactions such as acute hy- 







perexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, 
insomnia, rage, sleep disturbances 
and stimulation have been reported; 
should these occur, use of the drug 
should be discontinued. Isolated re- 
ports of neutropenia, jaundice; pe- 
riodic blood counts and liver func- 
tion tests advisable during long-term 
therapy. Minor EEG changes, usu- 
ally low-voltage fast activity, of no 
known significance. 

Dosage: Usual initial adult dose 
is 2 to 10 mg I.M. or I.V., depending 
on indication for use. Lower doses 
(usually 2 to 5 mg) with slow dosage 
increase for elderly or debilitated 
patients and when sedative drugs 
are added. (See Precautions and Ad- 
verse Reactions.) In gastroscopy and 
esophagoscopy, 5 to 10 mg, I.M. or 
I.V, 30 min. prior to procedure. As 
preoperative medication, 10 mg, 
I.M., 1 to 2 hours before surgery. In 
cardioversion, 5to 15 mg, I.V., within 
5 to 10 min. prior to procedure. Give 
I.V. injections slowly; take at least 1 
minute for each 5 mg (1 ml). 

In acute conditions injection 
may be repeated within 1 hour, al- 
though interval of 3 to 4 hours is 
usually satisfactory; not more than 
30 mg should be given within 8-hour 
period. Once acute symptomatology 
has been properly controlled with 
injectable form, patient may be 
placed on oral form if further treat- 
ment is required. 

Supplied: Valium® (diazepam) 
Ampuls, 2 ml, boxes of 10: Vials, 

10 ml, boxes of 1; Tel-E-Ject™™. 
(disposable syringes), 2 ml, boxes of 
10. Each ml contains 5 mg diazepam 
compounded with 40% propylene 
glycol, 10% ethyl alcohol, 5% sodium 
benzoate and benzoic acid as 
buffers, and 1.5% benzyl alcohol as 
preservative. 


Roche Laboratories 
Division of Hoffmann-La Roche int. 
Nutley, N.J. 07110 
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The Burdick Compact 
Coronary Care Center 


—a sensible and economical answer to the 
hospital’s need for coronary care facilities 


The Burdick Compact 
Coronary Care Center answers 
the three demands of sound 
operational economy — 
Mobility, Versatility and Full 
Utilization—without equipment 
overpurchase. Specialized 
personnel and modern 
electronic monitoring 
equipment must be on constant 
24-hour standby. Burdick’s 
flexible approach will give 

you maximum versatility of 
equipment between 
departments. Start with the 
basic console ECG, adding 
equipment tailored to your 
need to extend your coronary 
care skills to a number of 
critical areas—one-bed ICU, 
mobile emergency room, 
stress-exercise monitoring, 
monitoring in Surgery and 
Recovery. Build to the 
complete mobile coronary care 
center for best utilization of 
both staff and equipment. 

For full information talk with 
your Burdick dealer, or write 
The Burdick Corporation, 
Milton, Wisconsin 53563. 
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Loridine [Mportant.. 


cephaloridine 
500-mg. and 1-Gm. ampoules 





before the infection goes any further 


proved effective 
when susceptible 
organisms cause 


pneumonia 

bronchopneumonia 

lobar pneumonia 

bronchitis 

empyema 

cystitis 

urethritis 

prostatitis 

pyelonephritis 

pelvic inflammatory 
disease 

wound infection 

sepsis 





produces prompt 
serum levels after 
I.M. administration 


Doses of 500 mg. or 1 Gm. produce 
measurable serum levels up to twelve hours 


(31 Gm. 
E 500 me. 
250 mg. 
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Mean Serum Cephaloridine Concentrations after 
iM. Administration of Single Doses (250 mg. to 1 
Gm.) to Normal Human Volunteers (Six to 
Eighteen Subjects per Group) (modified from 
Currie, J.P.: Cephaloridine: Pharmacology and 
Brien Postgrad, Med. J., 42 Supplement]: 


} 
*Due to susceptible organisms. 





bactericidal in vitro against 
many commonly encountered 
gram-negative and 
gram-positive organisms 


In-vitro sensitivity of selected micro-organisms (cumulative 
percent of isolates inhibited in broth and agar-dilution studiest) 









MIC (mcg. /mi 3 


ee = 
influenzae, 


235 isolates 
Ea oe 


1,424 isolates 


Prote bili 


y e (6.6 [53.7 | 75.5 | 86.3 | 906 | 89.6 





Gram-Negative 
iero- 
Organisms 


Hemophilys 























Klebsiella- i i 
Enterobacter, | — | . | 65.1 72 eae 84.7 
372 isolates 


Neisseria 
gonorrhoeae, 1.2 | 36 | 44.2 
747 isolates 


Gram-Positive MIC (meg./ml.) 


Micro- 
Organisms or] es fise] 3.12-4 | 6.25- 8| 12.5-16 | 25-32 


Staphylococcus 
90.1) 94.1 


aureus 
Staph. aureus | 


(penicilfin- 
(not specified), as 8) 70.5 0. 6 94. 3| | 97.7 99.3 os 8 


1,331 isolates 


195 isolates 123 3 | 759 | 988 9 193. B9] = 


Streptococcus 

pyogenes 

(beta-hemolytic),| 99-1 | 98.7 
307 isolates 


Pian cup 


157 isolates 
Diplococcus 
96.4; 98.4 | 99.4 | 100 


pneumoniae, 
308 isolates 
Data compiled from published reports. Inoculum did not exceed 10° 
organisms per mi. in broth. Susceptibility patterns may vary from 
institution to institution. 





sensitive}, 
101 isolates 






Staph, aureus 
(penicillinase- 
producing), 
918 isolates 


Staphylococcus 
(not specified}, 
278 isolates 


| Staph. albus, 





Note: Many strains of enterococci, e.g., Str. faecalis, are relatively 
resistant. Some strains of staphylococci are resistant. Pseudomonas 
organisms are resistant, as are most indole-producing Proteus species 
and motile Faterebacter species. 


excreted unchanged in 
the urine 


rarely painful on 
I.M. administration 


Guidelines for Loridine® 
(cephaloridine, Lilly) 


Before Administration 


1. Determine renal status before 
initiating therapy. 

2. In patients with renal impairment, 
reduced dosage should be 
employed. Other antibiotic therapy 
should be considered if impairment 
is due to acute tubular necrosis. 


3. As with other antibiotics, appro- 
priate specimens for culture and 
susceptibility testing should be 
obtained. 


4. Use cautiously with other poten- 


tially nephrotoxic antibiotics (e.g., "i ae 


gentamicin, kanamycin, colistin, 
and polymyxin B), in penicillin- 
allergic patients, and in those 
receiving potent diuretics, such as 
furosemide or ethacrynic acid. 


During Administration 


1. Because of potential nephrotoxicity, 


daily dosages above 4 Gm. are not 
recommended for patients with 
normal renal function. The usual 
range for adults is 1.5 to 3 Gm. 
daily. In patients with renal impair- 
ment, recommendations tn the 
package literature should be fol- 
lowed for maintenance dosage after 
a loading dose of 500 mg. to I Gm. 
If an endogenous creatinine clear- 
ance is considered more desirable 
than available BUN or serum 
creatinine concentrations for estab- 
lishing the maintenance dosage, 

the initial loading dose may be 
given and results of that test 
obtained during the ensuing six or 
eight hours. If renal function 
improves during therapy, readjust- 
ment of dosage may be desirable. 


2. Maintain proper hydration. 


3. Monitor renal status. Renal 
impairment may be indicated by the 
appearance of urinary casts, pro- 
teinuria, oliguria, a rising BUN or 
serum creatinine, or a decreasing 
creatinine clearance or urine/ 
plasma creatinine ratio. 


4. If impaired renal function develops 
or worsens during therapy, 
discontinue use. 


Lilly 


30077 4 


See next page for prescribing information. 
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Loridine® (cephaloridine) 


Because of nephrotoxicity (e.g., tubular necrosis) of cephaloridine in 
dosages above 4 Gm. daily (see Warnings and Adverse Reactions), rec- 
ommended doses should not be exceeded. Renal status of the patient 
should be determined prior to initiation of therapy. Patients with known 
or suspected impairment of renal function should be under close clinical 
observation for changes in renal function or be hospitalized, and re- 
duced dosage should be employed. If impaired renal function develops 
during therapy, cephaloridine should be discontinued. 


Actions: Human Pharmacology—Peak blood levels of 7 and 14 mcg. 
per mi. respectively were obtained in one-half to one hour following 
intramuscular doses of 250 and 500 mg. in humans. Measurable 
levels of cephaloridine persisted for longer than twelve hours. 
-Loridine is excreted unchanged largely by glomerular filtration. 
- Doses of 250 and 500 mg. produced very high antibacterial concen- 
trations in the urine, in some instances approaching 1,000 mcg. 
per mi. 
its nucleus and degradation products differ from those of peni- 
cillin, However, some patients who are allergic to penicillin or to 
other cephalosporins may also be allergic to Loridine. 
Microbiology—The in-vitro bactericidal action of Loridine results 
from inhibition of cell-wall synthesis. It is not bound significantly to 
plasma protein. 
Loridine is active against the following organisms in vitro: 
Beta-hemolytic and other streptococci (many strains of entero- 
cocci, e.g., Streptococcus faecalis, are relatively resistant) 
Staphylococci, both coagulase-positive and coagulase-negative 
(some strains of staphylococci are resistant to cephaloridine) 
Pneumococci 
Gonococci 
Hemophilus influenzae 
Escherichia coli and other coliform bacteria 
Klebsiella 
Proteus mirabilis 
_ Loridine is active against Treponema pallidum in animal studies. 
All tested strains of group A streptococci, pneumococci, and peni- 
cillin-G-susceptible staphylococci are susceptible to Loridine. However, 
some strains of penicillinase-producing staphylococci are resistant in 
vitro to concentrations of Loridine that can be achieved in the serum. 
The majority of strains of H. influenzae, Pr. mirabilis, Esch. coli, and 
Klebsiella are also susceptible in vitro. 
Pseudomonas organisms are resistant to Loridine, as are most 
. indole-producing Proteus species and motile Enterobacter species. 


Indications: Loridine is indicated in the treatment of serious infec- 
tions of the respiratory tract, genito-urinary tract, bones and joints, 
bloodstream, soft tissue, and skin due to susceptible strains of the 
organisms listed above. It is also indicated for therapy of early 
syphilis when penicillin may be contraindicated. (See Warnings in 
regard to cross-sensitivity with penicillin.) It is indicated in the treat- 
ment of gonorrhea when penicillin is not considered the drug of choice. 

Appropriate culture and susceptibility studies should be per- 
formed. If the susceptibility tests show that the causative organism 
is resistant to Loridine, other appropriate antibiotic therapy should 
be instituted. 


Contraindications: Loridine is contraindicated in those persons who 
have shown hypersensitivity to it or other cephalosporins. 


Warnings: IN PENICILLIN-SENSITIVE PATIENTS, CEPHALOSPORIN C DERIVATIVES 
SHOULD BE USED WITH GREAT CAUTION. THERE IS CLINICAL AND LABORATORY 
EVIDENCE OF PARTIAL CROSS-ALLERGENICITY OF THE PENICILLINS AND THE 
CEPHALOSPORINS, INSTANCES OF PATIENTS WHO HAVE HAD SEVERE REACTIONS 
TO BOTH DRUGS, INCLUDING DEATH FROM ANAPHYLAXIS, HAVE BEEN REPORTED. 

Impairment of renal function during treatment may be indicated 
by the appearance of casts in the urine, proteinuria, falling urinary 
output, a rising BUN or serum creatinine, or a decreasing creatinine 
clearance or urine/plasma creatinine ratio. 

Cephaloridine should be given cautiously when used with other 
antibiotics having nephrotoxic potential, e.g., gentamicin, kanamycin, 
polymyxin B, and colistin. 

The results of experimental studies in animals suggest that the 
concurrent use of potent diuretics, such as furosemide or ethacrynic 
acid, may increase the risk of renal toxicity. 

Usage in Pregnancy—Safety of this product for use during preg- 
nancy has not been established. 


Precautions: In the case of infections due to beta-hemolytic strep- 
tococci, antibiotic therapy should be continued for at least ten days. 

in the therapy of gonorrhea, patients in whom there is reason to 
suspect concomitant syphilis should have dark-field examinations of 
all suspect lesions before treatment and monthly serologic tests for 
a minimum of three months. 

Indicated surgical procedures should be performed in conjunction 
with antibiotic therapy. 


Superinfections may develop with organisms not in the spectrum of 
Loridine, particularly Pseudomonas. These can be recognized by clinical 


» observation and by means of appropriate cultures. If they occur, proper 


therapeutic measures should be taken. 


Since safety for use in premature infants and in infar 
month cf age has not been established, administration 
dine to these patients is not recommended. 

A false-positive reaction for glucose in the urine me 

Benedict’s or Fehling’s solution or with Clinitest® tablets 
Tes-Tape® (urine sugar analysis paper, Lilly). 
Adverse Reactions: Hypersensitivity—Maculopapular ar 
tous rashes, urticaria, and anaphylaxis have been re 
fever and eosinophilia also have been noted. Hypers 
actions are more likely to occur in patients with a histc 
particularly to penicillin. 

Blood—Neutropenia and leukopenia have been repor: 
dividuals have developed positive direct Coombs tests di 

Liver—Transient elevations of transaminase and a 
phatase levels have been noted. The significance of the 
uncertain. 

Renal—Severe, acute renal failure, in some cases te 
death, has occurred in a small number of patients recei 
The possibility of this complication seems to be greate 
il patients given more than recommended doses. A 
necrosis has been noted in affected patients coming to. 
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secure transfer 
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to maintain tension during transfer since 
the clip is locked in the applier. Trans- 
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accurate placement 
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precise distal closure 
When you apply pressure, the Tantalum 
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The Evaluation of A New Peritoneoscope As a 


GEORGE BERCI, 





2 HE VALUE OF PERITONEOSCOPY in the diagnosis of a 
“ To of pathologic conditions within the abdominal 
o cavity is well established. 1345.11.22 Nevertheless, some 
are still reluctant to use this procedure in the evaluation 
of difficult diagnostic problems. R Reliance is generally 
‘based on clinical findings, biochemical assays, roent- 
genographic studies, radioactive scans, peritoneal lavage, 
or finally on diagnostic laparotomy. This may at times 
Jead to undue delay in surgical correction of intra- 

-abdominal problems, since the surgeon may be hesitant 
“to undertake a laparotomy when he is uncertain about 
~ the indications. 

Although this dilemma can be frequently resolved 
by peritoneoscopy, the procedure is seldom utilized. 
This can be attributed to lack of confidence in the 
“technic, based on inexperience or dissatisfaction with 
instrumental performance. The recent development of a 
new image relaying system permitted the design of 
' markedly improved instrumentation for peritoneoscopy 
in both adult and pediatric patients, and led us to re- 
evaluate this important examination. This report, based 
on 70 consecutive cases, describes advances in instru- 
mentation and technic and delineates the usefulness 
of peritoneoscopy for the surgeon. 


Instrumentation 


Earlier investigators in this country, despite their wide 
experience,!#** did not gain many adherents. Inade- 
quacy of existing instruments was probably responsible. 
Visualization through the older telescopes was poor 
compared with those available today. Moreover the 
larger diameter of the trocar (10-12 mm.) increased 
the danger of visceral injury during the abdominal wall 
penetration (Fig. 1). 

Submitted for publication April 28, 1972. 

Reprint requests: George Berci, M.D. Division of Surgery, 


Cedars of Lebanon Hospital, 4833 Fountain Avenue, Los Angeles, 
California 90029. 
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The invention of the “rod-lens” system by: Hopkins, . 
and related advances in instrument design - A Fig. 2) 
made possible the production of scopes with- trocars 
of only 7.0 mm. in diameter (Figs. 3 and “4).*" This 
smaller size facilitates safe penetration of the ‘abdominal 
wall. The increased light transmission, brighter image, 
improved resolution, wide viewing angle, and great 
depth of field of the miniaturized telescope, incorpora- 
ting image and fiberlight transmission, facilitate prompt 
endoscopic orientation and manipulation. The excel- 
lent image quality contributes significantly to overall 
diagnostic precision. : 

A variety of manipulating and operating instruments 
have been developed. They can be safely introduced 
through a second smaller (5\/5.5mm.) trocar under di- 
rect visual guidance. These can be used to expose areas 
which are covered by the omentum or other viscera. 
Some of these instruments are insulated so that a high- 
frequency current (cutting or coagulating) can be 
employed for hemostasis, lysis of adhesions, or definitive 
procedures such as tubal sterilization. Special biopsy 
forceps and a combined coagulation-suction device 
permit safe tissue sampling wherever indicated (Figs. 
5 and 6). Additional accessories for photographic 
documentation and teaching are available. 


Pneumo-peritoneum 


This initial step requires meticulous attention to de- 
tail. A special pneumo-peritoneum needle containing 
a spring loaded blunt stillette (Fig. 7) prevents visceral 


* Manufactured by Karl Storz Medical Instrument Company, 
Tuttlingen, West Germany. Distributor: Storz Endoscopy America, 
Inc., 650 S. San Vicente Boulevard, Los Angeles, California 
90048. 
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Fic. 1. Close-up of various trocars used for peritoneoscopy. From 
left to right: Diameters: 12 mm. 10 mm. (Ruddock) and 7 mm., 
described in text. Arrow indicates side hole in stilette which 
signals peritoneal entry. 


perforation. During the insufflation of CO. or NO» the 
intra-abdominal pressure on the gauge of the insufHator 
(Fig. 8) is carefully monitored and maintained below 
25 mm. Hg. A sudden rise to more than 30 mm. Hg 
signifies inflow obstruction, requiring prompt adjustment 
of the needle position. The volume of gas insufHated 
is unimportant, individual variations ranging between 
3 and 12 liters. Additional guidance is provided by ab- 
dominal inspection and percussion for symmetrical dis- 
tension, and by assessment of the tension of the abdom- 
inal wall. The flow should be intermittent to allow easier 
adaptation to the increased intra-abdominal pressure. 
The creation of an adequate protective gas-cushion by 
this technic will prevent intra-abdominal injuries due to 
the trocar puncture. 


Clinical Experience 


Peritoneoscopy was performed in 70 consecutive pa- 
tients on the gastroenterologic, surgical and pediatric 
services of the Cedars-Sinai Medical Center between 


April 1970 and December 1971. Fifty per cent of the 





Fic. 2. Schematic diagram of telescopic systems used in endoscopy. 
Top: Conventional system—glass lenses are separated by air inter- 
spaces. Bottom: Hopkins “rod-lens” systems—air interspaces are 
replaced by glass rods with polished ends, separated by “air 
lenses.” Advantages of this optical system are detailed in the text. 
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TABLE 1 





Sex Distribution 





Male 34 
Female 36 
Age Distribution 
Years Number of Cases 
0-1 4 
1-20 3 
20-40 7 
40-50 5 
50-60 16 
60-70 14* 
70-80 16* 
80-90 5* 


* 35 cases (50%) were in the age group above 60. 


patients were over 60 years of age (Table 1). The 
examinations were carried out by 14 attending staff 
and three residents. The average hospital stay for pa- 
tients undergoing peritoneoscopy only was 36 hours. 
Seven patients were safely returned by ambulance 
to the referring hospitals after a 4 to 6-hour period of ob- 
servation in the recovery room following peritoneoscopy. 

The time required for the peritoneoscopic examination 
varied between 30 and 60 minutes. Additional time was 
required in some cases for aspiration of ascitic fluid, 
simultaneous cholangiography, multiple biopsies or 
other special procedures. 


Anesthesia 


Two-thirds of the patients were examined under 
general anesthesia, while one-third were satisfactorily 
evaluated under local anesthesia. With greater experience 
one is able to select more cases for local anesthesia, 
supplemented by adequate pre-medication. The cardio- 
pulmonary status was monitored by an anesthesiologist 
in all cases. 


Indications and Results 


The various indications for peritoneoscopy in this 
series are shown in Table 2. 


Evaluation of Liver Disease 


Peritoneoscopy was indicated for the definitive evalu- 
ation of liver disease in 26 patients in whom precise 
diagnosis eluded the examiner despite clinical, lab- 
oratory, roentgenographic, radioisotope or histologic 
evaluation. 


Cirrhosis 


In five patients the diagnosis of cirrhosis was strongly 
suspected clinically, but could not be confirmed by 
liver function tests, radioisotope scans or percutane- 
ous needle biopsy. In all cases the difgnosis was estab- 
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TABLE 2. Indications 
oe oS 8 a pes ee eee 
Evaluation of Liver Disease 26 
Cirrhosis 5 
Suspected hepatoma 
Suspected metastasis 11 
Hepatomegaly 
Abdominal Diagnostic Problems 38 
Palpable mass 1 
Ascites 
Jaundice 
Gallbladder disease 
Staging of malignancy 
Mesent. vascular insufficiency 
Miscellaneous 
Pediatric 6 


ONNWADA 


lished by peritoneoscopy with biopsy under direct vi- 
sion using a special forceps (Fig. 5) introduced 
through a separate trocar. 


Suspected Hepatoma 


In seven patients with long standing cirrhosis the 
possibility of superimposed hepatoma was entertained 
clinically because of sudden deterioration of the pa- 
tient’s clinical course and/or liver function tests, the 
onset of a rapidly enlarging liver or right upper quad- 
rant mass, or the appearance of a space occupying le- 
sion on the liver scan. The existence of a hepatoma was 
definitively ruled out in all cases by peritoneoscopy. 
In one patient co-existence of liver metastases and cir- 
rhosis was established. 


Suspected Liver Metastases 


In nine patients with known primary carcinoma, the 
presence of liver metastases was clinically suspected 
because of hepatomegaly, positive liver function tests 
and/or scans. Peritoneoscopic liver biopsy was per- 
formed rather than percutaneous needle biopsy be- 
cause of the higher diagnostic accuracy and additional 
information provided by the former.'1:!*** Three patients 
had histologically proven liver metastases, while the re- 
maining six patients were shown to be free of dissem- 
ination. One patient was referred from another hospi- 
tal with a diagnosis of metastatic carcinoma in the liver 
found by needle biopsy. Peritoneoscopy with liver 
biopsy revealed only cirrhosis with no evidence of ma- 
lignancy in the liver or peritoneal cavity. The absence 
of malignancy was subsequently confirmed by explor- 
ation with multiple open liver biopsies. The patient re- 
mains clinically well during a 6-month follow-up pe- 
riod. In one additional patient without a known primary 
site, liver metastasis was suspected on the basis of 
the clinical picture and a positive scan, but was ex- 
cluded by visualization of a normal liver. 
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Fic. 3, Complete peritoneoscopy set. a: pneumo-peritoneum needle, 
b: examining trocar 7.0 mm. with c: desufflation key, d: 30° for- 
oblique telescope with fiber-light transmission, e: sheath for tele- 
scope with connection for gas-insufflation, Accessories: f; grasping 
forceps, insulated for electro-coagulation, g: biopsy forceps intro- 
duced through h: smaller trocar, 5.5 mm., i: stilette for above 
(h), j: insulated suction-coagulation probe, k: aspiration needle. 


Hepatomegaly 


Three patients presented with hepatomegaly of re- 
cent onset. Despite complete clinical, laboratory, ra- 
dioisotope and roentgenographic evaluation, the cause 
could not be accurately established. In all cases a sat- 
isfactory explanation for the hepatomegaly was found: 
one patient had liver metastasis, one patient had an- 
terior hepatic displacement due to a retroperitoneal 
process while the third patient, with a positive liver 
scan, was shown to have a normal appearing but cau- 


dally displaced liver. 


Abdominal Diagnostic Problems 


Peritoneoscopy was performed in 38 patients who 
had a variety of diagnostic problems. In each case the 
diagnosis remained obscure despite complete clinical, 
laboratory and X-ray evaluation so that in the absence 
of peritoneoscopic examination the next logical step in 
the diagnostic work-up would have been laparotomy. 





Fic. 4. Trocar disassembled to show opening of “no-escape” valve 
(arrow) by desufflation key. 
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Fic. 5, Operating accessories: a: close-up of working end of 
insulated atraumatic grasping forceps. b: Ss end of tapered 
cutting edge biopsy forceps, particularly useful for deep liver 
biopsy. 


Evaluation of Palpable Abdominal Mass 


Eleven patients had palpable masses in the ab- 
domen. In all cases an exploratory laparotomy was 
strongly considered for diagnosis and possible man- 
agement. The presence of a lesion was excluded in 
three patients by visualization of normal anatomy at the 
site of the clinically suspected mass. In four patients 
peritoneoscopic examination disclosed widespread in- 
operable carcinoma either within the peritoneal cavity 
or the. liver. All diagnoses were verified by biopsy. 
Three patients with known lymphoma were found to 
have involvement in the spleen or in the retroperi- 
foneum, as shown by characteristic anterior displace- 
ment of the liver and stomach. In the final patient the 
mass was shown to be due to a benign neoplasm of 
the liver, 


Ascites of Unknown Origin 


Six patients had ascites for which the etiologic mech- 
anism could not be established clinically. In all cases 
the cause was determined by peritoneoscopy. Three 
patients had advanced liver disease, (cirrhosis, chronic 
active hepatitis and hepato-portal sclerosis), Two 
patients with cytologically positive ascites had carci- 
nomatosis of extra-ovarian origin, while in the remain- 
ing patient with chylous ascites a retroperitoneal mass 
was visualized. 

The diagnosis was established by biopsy in all cases 
but the last. 


Differential Diagnosis of Jaundice 


In six jaundiced patients the etiology could not be 
determined after complete clinical evaluation, serial 
determination of liver function tests and a suitable pe- 
riod of observation. This well known dilemma is en- 
countered in approximately 20% of icteric patients. 
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Peritoneoscopy led to the correct diagnosis in all 
cases. Cholangiography under peritoneoscopic guidance 
was added in three cases. Three patients were found to 
have extrahepatic biliary obstruction, indicating prompt 
exploration (Table 7). In the remaining three cases 
extrahepatic obstructive jaundice was ruled out and 
laparotomy was avoided. 


Diagnosis of Gallbladder Disease 


Under certain circumstances conventional roentgen- 
ographic methods do not confirm the presence of gall- 
bladder disease which is clinically suspected: 


a. The contrast material may not be excreted in ad- 
equate concentration because of impaired liver 
function. 

b. A recent bout of acute pancreatitis may temporarily 
impair gallbladder function. 

c. In patients with iodine sensitivity the study is con- 
traindicated. 


Three patients undergoing peritoneoscopy in this study 
fell within the above categories. In one patient the 
reason for nonvisualization was attributable to cir- 
rhosis and laparotomy was avoided. In the other two 
patients the peritoneoscopic finding of pericholecystic 
adhesions or inflammatory change established the di- 
agnosis of gallbladder disease, indicating the need for 
surgical intervention, 


Staging of Intra-abdominal Carcinoma 


In two patients with radiologically demonstrated 
large malignancies the feasibility of radical resection 
was evaluated by peritoneoscopy. In one patient with 





T 
Fic. 6. Close-up of working part of insulated suction-coagulation 
probe. a: connection for suction, ST: stopcock for digital control 
of interrupted suction, E: connection to electro-coagulation, T; 
combined suction-coagulation tip. 
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carcinoma of the stomach, the visualization of unsus- 
pected peritoneal metastases precluded the advisabil- 
ity of laparotomy. In the second patient with ex- 
tensive carcinoma of the sigmoid colon, resectability 
could not be assessed from the peritoneoscopic findings. 


Mesenteric Vascular Insufficiency 


The difficulty of establishing the diagnosis of mes- 
enteric vascular insufficiency or intestinal infarction is 
well recognized. Peritoneoscopy was performed in two 
patients in whom this diagnosis was strongly suspected 
clinically. By visualizing the surface of the intestine it 
was possible to exclude mesenteric vascular insuffi- 
ciency in one patient, while in the second case an area 
of localized gangrene was identified, leading to prompt 
laparotomy. 


Pediatric 


Six patients ranging in age from 1 day to 7 years 
underwent peritoneoscopy. Experience with pediatric 
endoscopy at this institution is separately described 
in another publication."® 


Com plications 


Complications encountered during — peritoneoscopy 
were minimal.?° Three patients exhibited cardiac ar- 
rythmias during CO, insufflation which were reversed 
by immediate partial desufflation. Slow, intermittent 
reinsuffation was subsequently well tolerated. Emphy- 
sema of the mesentery due to faulty needle placement 
was seen in two patients. This was recognized during 
insufflation and was corrected by changing the posi- 
tion of the needle. Transient postoperative paralytic 
ileus resulted in one patient. Subcutaneous emphy- 
sema of the abdominal wall occurred in one patient; 
further extenson was avoided by reintroduction of the 
pneumoperitoneum needle. Two patients with carci- 
nomatosis peritonei subsequently developed tumor im- 
plants at the puncture site. 

Visceral injury, intra-abdominal hemorrhage, peri- 
tonitis or wound infection were not encountered in this 
series. There was no mortality attributable to the pro- 
cedure. One patient died 3 weeks postoperatively of 
metastatic melanoma. 


Discussion 


Peritoneoscopy was performed in 70 consecutive pa- 
tients. Diagnosis was established in 62 cases (90%). 
In the remaining eight patients (10%) the examina- 
tion was of no assistance (Table 3). In 44 patients di- 
agnosis was achieved by biopsy while in 18 patients the 
diagnostic conclusion was based on endoscopic findings. 
The latter were confirmed by surgical exploration in 
seven cases; in the remaining 11 patients, visualization 
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Fic. 7. Pneumo-peritoneum safety needle. A: needle with spring 
loaded blunt stilette, and stopcock. B: close-up of needle tip, 
blunt stilette is automatically pushed by resistance of abdominal 
wall during insertion. C: blunt stilette with side hole for insuffla- 
tion springs forward as soon as needle enters peritoneal cavity. 


of either normal viscera or grossly recognizable lesions 
precluded the need for biopsy (Table 4). 

Of the entire group, 38 patients were strongly con- 
sidered for diagnostic laparotomy after thorough clin- 
ical, laboratory and X-ray examination. Peritoneos- 
copy led to a diagnosis in 27 patients (71%), thus 
eliminating the need for laparotomy (Tables 5 and 6). 
The presence of inoperable malignancy was established 
‘in 14 patients; mechanical obstruction was excluded 
in four jaundiced patients; clinically suspected masses 


> 





Fic. 8. Pneumo-peritoneum insufflator* (COs: or NO2). 1) Gas 
cylinder pressure indicator dial. 2) Fully automatic pressure con- 
trol. Range: 0-50 mm. Hg. 3) Flow-indicator. 4) Intra-abdominal 
pressure gauge. Danger zone (over 40 mm. Hg) is clearly dis- 
played. 
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* Manufactured by Automated Medical Devices Corporation, 
Suite 635, 1800 Avenue of the Stars, Los Angeles, California 90067 
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TABLE 3. Diagnostic Accuracy 


Diagnosis unknown 70 (100%) 
Diagnosis established 62 ( 90%) 
Microscopic 44 
Macroscopic 18* 
Not diagnostic 6( 8%) 
Unsuccessful 1( 2%) 


* Confirmed by exploration: 7 


were ruled out by visualizing normal structures in four 
instances, and a variety of diagnostic problems was re- 
solved by the peritoneoscopic findings in a miscel- 
Janeous group of five patients (Table 6). 

In nine patients the peritoneoscopic findings con- 
firmed the necessity for exploration (Table 7). Biliary 
tract obstruction was identified in four jaundiced pa- 
tients. In two patients with suspected cholecystitis in 
whom radiologic diagnosis failed, peritoneoscopy iden- 
tified a surgically correctable biliary tract lesion. In 
one case an area of localized intestinal infarction was 
visualized, while in the remaining patient with sar- 
coidosis, a pelvic mass was identified as chronic pelvic 
inflammatory disease. 

Appropriaté management in the above group of 38 pa- 
tients was thwarted by inability to pinpoint the diagnosis. 
An indication for diagnostic laparotomy was present in 
all cases. Continued observation may have committed 
some patients to, increase morbidity due to delay in 
management (Table 7). Peritoneoscopy resolved the 
diagnostic problem in 95% of these cases; laparotomy 
was rendered unnecessary in 27 (71%), and was 


TABLE 4. Diagnosis Established by Visualization 


Case No. Clinical Diagnosis Peritoneoscopic Diagnosis 
3 Liver metastases Normal liver 
55 Liver metastases Normal liver 
70 Liver metastases Normal liver 
5 Abdominal tumor? Normal abdomen 
56 Pelvic tumor Uterine fibroids 
43 Abdominal tumor Splenomegaly 
11 Cholecystitis . EHO (Metastatic carcinoma )* 
61 Jaundice EHO (Chronic pancreatitis)" 
63 Jaundice EHO (Carcinoma of pancreas)* 
65 Metastatic Ca. EHO (Metastatic carcinoma )* 
9 Non-visualized Cirrhosis, normal gallbladder 
gallbladder 
16 Hepatoma? Cirrhosis 
68 Hepatoma? Cirrhosis 
6 Pancreatitis Cholecystitis* 
8 Mesenteric vascular Normal intestine 
insufficiency 
67 Mesenteric vascular Intestinal infarction* 
insufficiency 
10 Pediatric inguinal Unilateral hernia 
hernia 
21 Pelvic mass Chronic pelvic inflammatory 


* Confirmed by exploration (7) 


disease* 


EHO: Extrahepatic biliary obstruction 
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TABLE 5. Peritoneoscopy Versus Laparotomy 


No. 
Cases % 
Exploratior. clinically indicated 38 100 
Exploration avoided 27 71 
Exploration performed—(indication confirmed) 9 24 
Peritoneoscopy inconclusive 2 5 


TABLE 6. Laparotomy Avoided by Perttoneoscapy 


No. Cases 
Inoperable malignancy 14 
Icterus {non surgical) 4 
Palpable mass 4 
Miscellaneous 5 
Fever, unknown origin 1 
Mesent. vasc. insuff. (?) i 
Non-visualized gallbladder 1 
Ovarian tumor (?) 1 
Hepatomegaly (pediatric) 1 —— 
Total 27 


shown to be clearly indicated in nine patients (24%) 
(Table 5). 

The value of peritoneoscopy is further appreciated 
when its diagnostic accuracy is compared with other 
modalities available. 

The comparative accuracy of peritoneoscopy and 
liver scan could be ascertained in 27 patients (Table 8). 
The radioisotope diagnosis was found to coincide with 
the peritoreoscopic findings in only 12 patients (44%). 
False-positive (27%) or false-negative (10%) find- 
ings were reported by scan in an additional 10 patients, 
while in the remaining five patients (19%) with in- 
conclusive scans, a specific lesion was identified by 
peritoneoscopy. 

The limitations of percutaneous needle biopsy of the 
liver are well documented.?*1719 In patients with cir- 
rhosis, Schoenfield ef al. have recently reported 30% 
false-negative results with needle biopsy.** In patients 
with suspected liver metastases, false-negative needle 
biopsies are not uncommon.®!® The presence of hepa- 
toma in cirrhotics is difficult to confirm by needle biopsy. 

Biopsy under peritoneoscopic control eliminates these 
disadvantages. Not only can much of the liver be vis- 
ualized but the distribution of the lesions can be as- 
certained. This permits biopsies to be obtained from 
the optimal location. Bleeding from the biopsy site is 
readily recognized and can be arrested. In this series 
there were 26 patients with suspected liver disease. 
Diagnostic biopsy under visual control was obtained 
in 24, In the remaining two, a biopsy was not attempted 
since a normal liver was visualized. 

In approximately 20% of jaundiced patients special 
diagnostic procedures are required to identify the pres- 
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TABLE 7. Indication for Laparotomy Confirmed by Perttoneoscopy 








Diagnosis 
Case No. Clinical Peritoneoscopic Operative 
Ti Chron. Cholecystitis (?) Chron. Cholecystitis CBD obstruction due to metast. Ca. 
64 Metast. Ca. Liver Hemochromatosis Hemochromatosis 
6 Pancreatitis Cholecystitis Cholecystitis and pancreatitis 

57 Icterus unknown etiol. Biliary Atresia Biliary Airesia 

61 Icterus unknown etiol. CBD obstruction extrinsic CBD obstruction due to Ca. of 
pancreas. 

63 Icterus unknown etiol. Extrahep. biliary obstruction. Extrahep. biliary obstruction due to 
Ca. pancreas. 

65 Metast. Ca. liver vs. periductal node  Exirahep, biliary obstruction. Exirahep. biliary obstruction due to 

metast. metast. Ca, 
67 Mesent. vascular insufficiency Intestinal infarction Intestinal infarction 
21 Pelvic mass, Sarcoidosis Chron. Pelvic tnflamm. disease Chron. Pelvic inflammt. disease 


ence of mechanical obstruction. To date, the most 
promising diagnostic aid has been percutaneous trans- 
hepatic cholangiography.?°" However, analysis of re- 
ported series reveals that in the majority of patients in 
whom ductal visualization by this procedure is not ob- 
tained, the patient still harbors a surgical lesion (Table 
9). 

For this reason it is anticipated that greater diag- 
nostic accuracy may be achieved by peritoneoscopy 
whenever percutaneous transhepatic cholangiography 
fails to visualize the biliary tract. In some patients it is 
possible to clearly establish the diagnosis by the peri- 
toneoscopic findings alone;7® where this is not pos- 
sible, one has the advantage of being able to place 
the needle more accurately within the liver substance. 
Should transhepatic duct puncture not result, one still 
has the option of puncturing the visualized gallbladder 
through a transhepatic approach.! The danger of 
bile leak following direct gallbladder puncture! is 
thus eliminated by liver tamponade. This is particu- 
larly important when a surgical lesion is excluded and 
laparotomy does not follow cholangiography. This 
method can also be useful in demonstrating biliary 
calculi where standard cholecystography is inconclu- 
sive or contraindicated.” 

The difficulty of establishing a clinical diagnosis of 
acute mesenteric vascular insufficiency even when it 
is strongly suspected is well known. Diagnostic accur- 
racy here is crucial because of the increased risk of 
laparotomy. Variants of this syndrome, which may be 
amenable to non-operative management, could also be 
hopefully identified. Experience with this new entity 
is currently too limited to warrant proper evaluation 
and remains within the experimental domain of peri- 
toneoscopy. 

In many patients with carcinoma of the breast and 
lung, liver metastases may appear within the early 
post-resection period, Peritoneoscopy in patients with 


positive biopsies may have a place as a method of 


staging prior to definitive therapy. Of five patients 


evaluated in this category, one was found to have 
liver metastasis by peritoneoscopy 3 months following 
radical mastectomy. k 

The miniaturized instruments offer the possibility of 
peritoneoscopic evaluation in newborns and infants. 
Previously these diagnostic areas could be approached 
only by laparotomy since needle biopsy is extremely 
difficult to perform in these patients. Experience with 
pediatric peritoneoscopy at this institution is described 
in greater detail in a separate communication. 

While peritoneoscopy has been in use for over 60 
years, its widest application has been relegated to the. 
gynecologist and the gastroenterologist. Acceptance of 
this important diagnostic procedure by the general 
surgeon has been exceedingly slow. Before recom- 








TABLE 8. Comparison of Liver Scan and Peritoneoscopy (27 Cases) 
No. Cases Scan Peritoneoscopy 
7 Positive(C = 3,T=4) Positive (C = 3,T = 4) 
5 Negative Negative i 
7 Positive Negative 
3 Negative Positive (C = 2, T = 1) 
5 Inconclusive Positive (C = 4, T = 1) 
C = Cirrhosis 
T = Tumor 


TABLE 9. Differential Diagnosis of Jaundice Accuracy of 
Percutaneous Cholangiography 








% Surgical 
Lesions in 
No. Jaundiced* Non-Visualized 
Author Date Pts. Cases 

Seldinger 1962 70 70% 
Evans 1966 140 60% 
Ritchie 1969 54 50% 
Sherlock 1965 137 43% 
Blake++ 1965 559 24% 
Flemma 1966 107 20% 
Kaplan 1964 40 20% 
Wiechel 1964 60 0% 





* 80-90% of entire series are surgical 
-++ Collected series 
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mending an exploratory laparotomy, strong considera- 
tion should be given to peritoneoscopy, which can often 
provide the same information. Moreover, reduction in 
mortality and morbidity, as well as socio-economic fac- 
tors, must be borne in mind when comparing the 
_ diagnostic choices available. 


Summary 


1. Advances in optics and instrumentation have led to 
the introduction of a new peritoneoscope. Several 
manipulating, tissue sampling and hemostatic ac- 
cessories have resulted in a significantly improved 
and safer examination technic. 

2, The usefulness of this technic is analyzed in 70 con- 
secutive cases: 


a. The overall diagnostic accuracy was 90%, 

b. In 38 patients with indications for diagnostic 
laparotomy the correct information was provided 
in 95%; laparotomy was avoided in 27 patients 
(71%). 

c. The morbidity was negligible. 

d. No mortality was encountered. 


3. The applications of peritoneoscopy into special di- 
agnostic areas, such as the differential diagnosis of 


jaundice, mesenteric vascular insufficiency and pe- 
_diatrics are recommended. 


Addendum 


Since this manuscript was submitted 50 additional 
patients with abdominal diagnostic problems have under- 
gone peritoneoscopy. Indications, results and complica- 
tions of this added experience are identical to that pre- 
sented in this paper. 
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Non-Surgical Management of Cystic Hydatid Disease 


in Alaska: 


A Review of 30 Cases of Echinococcus Granulosus Infection 


YDATID DISEASE caused by the sylvatic (forest-wild 
H animal cycle) form of Echinococcus granulosus 
(Batsch, 1786) which is indigenous to Alaska and Can- 
ada differs in important ways from that caused by the 
more widely occurring pastoral form of E. granulosus of 


European origin. The more benign nature of the dis- 


ease caused by the sylvatic form was pointed out ear- 
lier in a report based on 101 cases from Alaska! and by 
Meltzer’s report® of 180 cases from Canada. The absence 
of the classical complications, such as dissemination 
and anaphylaxis, in infections caused by the sylvatic 
form suggested that this type of hydatid disease did 
not necessarily require the aggressive surgical treatment 
recommended for the pastoral type. Consequently, in 
1966, we elected to change our management of these 
cysts from a surgical to a largely non-surgical approach. 
It is the purpose of this communication to report the 
progress and results of this conservative method of 
treatment. 


Observations 


Since 1966 we have evaluated 32 patients (25 previ- 
ously unreported) with the diagnosis of a pulmonary 
Echinococcus granulosus cyst. Of these, 30 patients 
were treated without pulmonary resection and they pro- 
vide the basis of this report. In the other two patients 
the lesions were resected to rule out malignancy. 

All of these patients came from areas of Alaska where 
E. granulosus is known to occur.’ Most of the patients 
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lived in central, interior Alaska. All patients- had had 
contact with dogs around the home and -eight „persons 
specifically asked, acknowledged that their dogs had 
been fed the lungs of moose or caribou. In Alaska, dogs';. 
infected in this way are almost invariably the source of- 
infection for man. The median age of the 30 patients 
was 26, with a range of 8 to 106 years. There were 18 
males and 12 females. All had cysts in the lungs, and 
three had calcified cysts in the liver also. Two patients 
had two pulmonary cysts each. Intradermal skin tests* 
for E. granulosus were administered to 10 patients. Five 
of the tests were positive.* Indirect hemagglutination 
tests! of 16 patients produced only three positive re- 
sults. Two of the positive cases were in patients with 
previously ruptured cysts. 

Two children were initially admitted with ruptured 
infected cysts complaining of fever and cough. Chest 
films showed evidence of pneumonia. One child re- 
quired tube drainage of the infected cyst and the 
other responded to antibiotics. The remaining 28 pa- 
tients with 30 unruptured cysts were asymptomatic at 
the time their disease was discovered by routine chest 
radiography. Pertinent points from the clinical case 
histories follows: 

In three older patients, needle aspiration of the cyst 
was carried out under fluoroscopic control to rule out 


* The refined skin test for Echinococcus from the Center for 
Disease Control, Atlanta, Gas was used. A positive reaction was 
considered to De a wheal 1.2 cm. or greater. 
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Fic. 1. PA chest roentgenograms of a 15-year-old girl: A. a large 
asymptomatic pulmonary Echinococcus cyst which had been fol- 
lowed for 1 year. The diameter of the cyst was 6.8 X 7 cm. 


malignancy. The diagnosis of echinococcosis was con- 
firmed by the identification of protoscolices in the as- 
pirate. One of these patients had complications from the 
procedure—a small pneumothorax with pleural effusion 
and some local pneumonitis. These complications were 
of minor clinical significance and cleared rapidly. 
Twenty-five patients with 27 cysts were followed by 
periodic chest radiography. Twelve cysts remain intact 
and asymptomatic at the time of this writing. Fifteen 
cysts have ruptured spontaneously during the period 
of observation. In two patients, rupture of the cyst pro- 
duced mild symptoms; wheezing in one, cough and 
fever in the other. Three patients gave a history of 
expectorating fluid and four had asymptomatic infiltra- 
tions in the area of the cyst on radiography. In the re- 
maining cases the cysts silently disappeared on follow- 
up chest films. The median period of observation at the 
time of rupture was 2 years; and on the last examina- 
tion prior to rupture the average diameter of the cyst 
was 3.5 cm. 

No patient had symptoms which persisted beyond the 
first few weeks after initial rupture. No patients have 
died, and none has had any serious morbidity. 


Discussion 


A non-surgical approach to the treatment of the rel- 
atively benign sylvatic form of E. granulosus cysts in- 


Ann. Surg. « July 1978 


digenous to Alaska and Canada was initiated in 1966 
and appears to have produced good results, No serious 
problems occurred in a series of 30 patients who were 
followed for an average of 2.5 years. Thirteen of 15 pa- 
tients with spontaneous rupture of cysts were unaware 
that the cysts had ruptured, with the exception that 
three patients expectorated fluid. The serial chest roent- 
genograms of the two patients shown in F igures 1 and 
2 were typical of those in whom the cysts silently dis- 
appeared, 

The diagnosis of pulmonary cystic hydatid disease 
in Alaska usually is based on the following character- 
istics: The patient comes from an endemic area of the 
state and has a positive history of association with dogs. 
He is usually young. (The median age in this series was 
26 and in 66 patients previously reported, it was 22 
years.) He comes in for evaluation of a discrete pul- 
monary lesion incidentally found on routine chest films. 
The roentgenologic appearance of the lesion is usually 
typical although the classical pathognomonic signs (i.e. 
the “water lily” and “crescent” signs) have been ob- 
served only rarely. Lesions are characteristically round 
or oval (depending to some extent on lung expiration 
or inspiration) with a very homogenous appearance and 





Fic. 1B. Routine follow-up chest film taken 6 months later show- 
ing that the cyst had silently disappeared. The patient was 
unaware that the cyst had ruptured and has remained asympto- 
matic following rupture for 4 years. 
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with a water-like density. These lesions usually have 
clear-cut borders with very little or no reactive changes 
around them. Occasionally the cysts may be somewhat 
lobulated. They can be located anywhere in the lung. 
These characteristics usually allow for an accurate di- 
agnosis. Prior to 1966 when resection was the treatment 
of choice, only one of 54 patients with a preoperative 
diagnosis of echinococcus cyst was found not to have a 
cyst, This patient had a benign lesion. Patients in the 
cancer-age group who are believed to have hydatid 
cysts require further diagnostic studies including spu- 
tum cytology and planography of the pulmonary lesion. 
If the lesion is peripheral, needle aspiration is thought 
to be safe in the sylvatic form of the disease since ana- 
phylaxis or seeding of the cysts has never been re- 
ported. Because of the risk of such complications, needle 
aspiration of cysts of the pastoral form is contraindi- 
cated.1° Three of our patients underwent needle aspi- 
ration without serious sequelae. If there is basis for 
considerable suspicion of cancer, an open thoracotomy 
is recommended. 

Serologic tests and intradermal skin tests were not 
done in all of our patients. The results have not shown 





Fic. 2. Chest films of a 13-year-old boy from interior Alaska: A. a 
survey film showing a discrete asymptomatic lesion of the left 


mid-lung field. 
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Fic. 2B. The next follow-up film of this patient showing that: the 
cyst had disappeared. No symptoms were produced. 


the tests to be very reliable in the diagnosis of E. gran- 
ulosus. This is confirmed by others.®7 If the cyst has 
been leaking fluid or has ruptured, these tests are usu- 
ally, though not invariably, positive. 

Although bronchiectasis has been associated with 
cystic hydatid disease'!*9" it has not, to our knowl- 
edge, been clearly documented as a cause of bronchiec- 
tasis. A preliminary review of bronchographic studies so 
far completed suggests that a causal relationship exists. 
Among the 30 patients with unruptured cysts, 10 had 
bronchography prior to the rupture of the cyst. No cyst- 
related bronchiectasis was observed in these patients. Of 
seven patients who had bronchography following rupture, 
six showed definite, though localized, bronchiectasis, In 
three patients, the bronchiectasis did not occur in the 
vicinity of the cyst, but was located in a different lobe in 
one, and in the contralateral lung in two. In two pa- 
tients with bronchiectasis, both pre- and post-rupture 
bronchography was carried out. These radiograms dem- 
onstrated that the bronchiectasis developed following 
rupture of the cyst. It is tempting to speculate that the 
apparent development of bronchiectasis following spon- 
taneous rupture of echinococcal cysts may partially 
account for the high rate of bronchiectasis observed in 
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aboriginal populations in Alaska.?!? Clinical and lab- 
oratory studies designed. to evaluate this possible rela- 
tionship are in progress. 

The occurrence of local infiltrates or pneumonitis in 
the area of ruptured or aspirated cyst and the high rate 
of localized bronchiectasis following rupture suggest 
that a considerable host-tissue reaction is evoked by 
leakage of cyst fluid. Nevertheless, symptoms generally 
are transient and would seem to be relatively insignifi- 
cant in comparison to the risks and discomfort of a 
pulmonary resection. 

The course of the disease in the 30 patients we have 
followed seems to warrant the conclusion that sylvatic 
cystic hydatid disease should be treated non-surgically 
in almost all instances. However, it is important to de- 
termine whether the type of cyst is sylvatic or pastoral in 
origin, Thé: differential diagnosis is largely based on the 
patient's history (i.e. the source of the infection). If 
the patient is a native of Alaska or northern Canada 
where moose and caribou are hunted and if the patient 
has been associated with dogs, the sylvatic form is al- 
most certainly present. If the patient has not lived in the 
north but has had contact with farm dogs, particularly 
sheep dogs, or is an immigrant from a known major en- 
demic region the more virulent pastoral form should be 
suspected." 


Summary 


E: he clinical follow-up of 30 patients with pulmonary 
cystic hydatid disease of the sylvatic form treated non- 
surgically is presented. Fifteen cysts proceeded to 
spontaneous rupture. The patients exhibited few symp- 
toms after rupture of the cysts except transient mild 
pneumonitis. A preliminary review of limited bron- 
chography studies demonstrates that in some patients 
localized bronchiectasis may develop, apparently as a 
result of rupture of echinococcus cysts. This experi- 
ence supports the belief that the indigenous form of this 
disease does not require aggressive surgical manage- 
ment. It is important to differentiate between the two 
forms of E. granulosus because operation is seldom 
indicated in the sylvatic form indigenous to Alaska 
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and Canada but is universally recommended in, the 
classical European or pastoral form of cystic hydatid 
disease. 
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First Rib Resection in the Treatment of 


Thoracic Outlet Syndrome: 


Trabsaxillary and Posterior Thoracoplasty Approaches 


D. K. ROEDER, CDR MC USN, M. MILLS, CAPT MC USN, J. J. McHALE, 


IXTEEN YEARS have passed since Peet and associates** 

first noted the similarity between the many syn- 
dromes (Table 1) characterized by neurovascular com- 
pression symptoms of the upper extremity and suggested 
grouping them together as the Thoracic Outlet Syndrome. 
Ten years have elapsed since Clagett, in his Pre- 
sidential Address before the American Association for 
Thoracic Surgery,* re-awakened interest in first rib resec- 
tion in the treatment of thoracic outlet syndrome. De- 
spite the unifying influence of these two works and a 
number of other excellent recent articles,*:9:10-12-15.18,19,20 
this subject remains an enigma to many physicians, and 
in the surgical literature, confusion over the approach 


' to first rib resection remains. 


The earliest reference to a patient with symptoms 
and signs compatible with thoracic outlet compression 
is in the third chapter of William Harveys de Motu 
Cordis. Although he believed his patient to have di- 
minished distal blood flow in the involved arm due to 
“interception by aneurysm,” he noted that “whenever 
the motion of the blood is impeded by compression. . 
there is less pulsation distally . . . .”8 In 1821, Sir Astley 
Cooper described the symptoms of thoracic outlet com- 
pression: 


The subject of it was a woman who was admitted into Guy’s 


Hospital having no pulse at the wrist or elbow. Her hand was 
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of a venous redness, always cold, generally denumed, yet.seemed | 
painful; there were small gangrenous spots upon. -it:.! 3 + %.théese « 
appearances were found to be the consequence of a "projection of 
the lower cervical vertebra towards the clavicle,’ and consequent 
pressure upon the subclavian artery. 


Forty years later, Coote® performed the first operative 
decompression with relief of symptoms. Numerous other 
papers document the history of the development of 
surgical technics and the shaping of medical thought 
regarding this entity. Thomas Murphy in 1910, frst 
described the resection of a normal first rib with relief 
of symptoms of neurovascular compression.!! Stopford 
and Telford’? in 1919, favored first rib resection. In 
1927, Brickner? also wrote of first rib resection but had 
the misfortune to have his article immediately follow 
Adson and Coffey’s treatise! on the role of scalenotomy 
which, for so many years thereafter, was the preferred 
mode of therapy. Indeed, even today, references to this 
subject in the Index Medicus are recorded under the 
heading Scalenus Anticus Syndrome. In the 1940's, dis- 
satisfaction with scalenotomy led to confusion. Many 
new syndromes were noted in the literature, and non- 
operative treatment was recommended for most cases. 

Based upon the work of many authors, but particularly 
Clagett* and Roos,!518 it is now apparent that first rib 
resection is the preferable mode of operative decompres- 
sion of the thoracic outlet. In other words, the first rib 
is the common denominator to all forms of thoracic out- 
let compression. Most authorities*.*.1%.16.20 agree that ade- 
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TABLE 1. Partial Listing of the Entities Comprising the Thoracic 
Ouilet Syndrome 


. Cervical rib syndrome 

. Scalenus anticus syndrome 

. Brachiocephalic syndrome 

Costoclavicular syndrome 

. Hyperabduction syndrome 

Pectoralis minor syndrome 

. Humeral head syndrome 

. Nocturnal paresthetic brachialgia 

. Fractured clavicle syndrome 

10. Effort vein thrombosis 

. Pneumatic hammer syndrome 

. Cervicobrachial neurovascular 
compression syndrome 

. First rib syndrome 

. Rucksack paralysis 

. Cervicothoracic outlet syndrome 

. Syndrome of the scalenus medius band 
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quate decompression cannot be attained with partial 
resection of the first rib. Therefore, any procedure for 


‘first rib resection must guarantee adequate exposure 


of the rib from costochondral junction to transverse pro- 
cess and must allow ample visualization of the adjacent 
neurovascular structures including the Cs and T, nerve 
roots. In addition, it must be possible to remove a co- 
existing complete cervical rib when present through the 
same approach, 


~ Upon review of the literature there appear to be two 
“approaches which meet these criteria: the transaxillary 
approach (as described by Roos?®-1*) and the posterior 


thoracoplasty approach (as described by Clagett*®). 
This report reviews a modest experience with 37 first rib 
resections in 34 patients over a period of 4 years, and 
compares our results using these two approaches to first 
rib resection. The period of follow-up has been 3% 
years to 6 months. The patients have not been randomly 
selected. 
Clinical Material 


Of the 34 patients, 16 were male and 18 were female 
with an average age of 31.5 years (extremes of 16 and 


TABLE 2, Sympioms in 34 Patients Undergoing Ouilet Decompression 
Arterial 
Pallor, coolness 8 
Tingling, numbness (‘falls asleep”) 18 
Muscle fatigue, cramps 9 
Raynaud-like phenomenon 2 
Venous 
Swelling 8 
Venous engorgement 4 
Cyanosis 3 
Neurologic 
Pain, paresthesias arm 13 
forearm 14 
hand 12 
other (back, 4 
neck, shoulder) 
Numbness, dvsesthesia 14 
Weakness 11 
Atrophy 7 
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51 years}. Fourteen patients had arterial symptoms 
primarily. Three had venous symptoms primarily, and 
17 had neurologic symptoms primarily. The major types 
of symptoms noted in this group are recorded in 
Table 2. One patient had chronic lymphedema of the 
arms secondary to old filariasis. In one patient a fractured 
clavicle immediately antedated the onset of symptoms. 
Of the 34 patients three had undergone previous 
cervical rib resection and three had undergone scale- 
notomy. One patient had undergone both a previous 
pectoralis minor section and a previous incomplete 
transaxillary first rib resection. One patient, a 23- 
year-old woman, had previously undergone two pro- 
cedures for release of carpal tunnel syndrome, a scale- 
notomy, an attempted release of scar around the 
branchial plexus and subclavian vessels, and a trans- 
axillary dorsal sympathectomy. 

One-third of the patients engaged in activity or oc- 
cupations requiring vigorous use of the upper extremities. 
In all patients the radial artery pulse could be obli- 
terated upon assuming the 90° abduction and external 
rotation position (90° AER) of the affected upper ex- 
tremity. In 19 patients (56%) bilateral findings were 
present with or without contralateral symptoms. In 
30 patients (88%) a bruit was audible over the sub- 
clavian-axillary vessels with appropriate arm positioning. 
Muscle atrophy was noted in seven patients, involving 
the forearm and hand in three patients and the deltoid 
and pectoralis major in four patients. Subclavian arte- 
riograms using the transfemoral Seldinger technic were 
positive in only one of the three instances in which 
they were performed. Venography was positive in the 
only two instances in which it was performed. Ulnar 
nerve conduction times were performed in 10 patients, 
being positive in only four instances. Interestingly, each 
of the patients in whom these studies were performed, 
despite the negative tests, fell into the good to excellent 
category of postoperative results. 

Surgical results were classified according to the out- 
line in Table 3. The major differential is between the 
good-excellent group and the fair-poor group. The former 
represent acceptable surgical results, while the latter 
do not, probably representing poor case selection. 


Procedures 


The first 13 patients underwent exploratory operation 
by the transaxillary approach. The next patient, who had 
undergone five previous operations, including two su- 
praclavicular and one transaxillary procedures, was ex- 
plored via the posterior thoracoplasty approach. Because 
of an exceedingly benign postoperative course in this 
patient, and because of some dissatisfaction with ex- 
posure using the transaxillary approach in obese and 
heavily muscled individuals, it was decided to compare 
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the two procedures. Subsequently, 14 additional trans- 
axillary first rib resections and 10 additional posterior 
thoracoplasty first rib resections have been performed. 


Results 


The surgical results, overall and comparison, and 
complications are recorded in Tables 4 and 5. 

Posterior thoracoplasty group: Eleven posterior thor- 
acoplasty first rib resections have been performed in ten 
patients. Three of these patients had noted recurrence 
of symptoms after having undergone previous (6 years, 
3 years, and 6 months) cervical rib resection. One patient, 
a 38-year-old woman, had an arteriosclerotic plaque in 
the left subclavian artery proximal to the vertebral 
artery. She developed symptoms of subclavian steal 
on turning her head to the right. The radial pulse on 
the left demonstrated a marked pulse lag. On rising 
to 90° AER this pulse could be obliterated, as could 
the pulse on the unaffected, right side. First rib resection 
and interposition of a Dacron tube graft between the 
subclavian and axillary arteries were performed. She 
has had an excellent result after 18 months. 

One patient, an obese 36-vear-old woman who had 
undergone a previous transaxillary first rib resection 
at another hospital, noted recurrence of symptoms of 
venous compression. X-ray demonstrated an anterior 
rib segment remaining to the level of the scalene tubercle. 
This was resected and she has remained well during 
12 months of follow-up. 

There has been one complication in these 11 resections. 
A 20-year-old man developed a hematoma in the opera- 
tive area and required transfusion (the only patient in the 
entire series who required blood replacement). The 
hematoma resolved spontaneously, and the patient when 
last seen was doing well. 

One patient in the series underwent bilateral posterior 
thoracoplasty first rib resection, 5 months apart. 

There have been excellent results in nine cases (82%), 
good in 1 (9%), and fair in 1 (9%) with follow-up 
for a period of 12 to 24 months. It is interesting that 
none of these patients have undergone the severe psychic 
and physcial trauma which have been ascribed to this 
procedure. The three most recent patients were dis- 
charged from the hospital on the fifth postoperative 
day and the majority have been able to resume normal 
activity within 6 weeks. One patient, a 27-year-old active 


TABLE 3. Classification of Results 
Excellent Asymptomatic. 
Good Improved, but with some residual symptoms, includ- 
ing intercostobrachial cutaneous nerve numbness. 
Fair Adequate decompression by presumptive testing, 
but little or no improvement in symptoms. 
Poor Symptomatically worse, or no improvement with 


inadequate decompression. 
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TABLE 4. Results in 37 First Rib Resections 
eer r””t—™"S“NSCiCs Posterior 
Overall Transaxillary Thoracoplasty 
Excellent 24 (65%) 15 > 9 (82%) 
Good 10 (27%) 9 (35% 1( 9%) 
Fair 2( 5%) Pa on; 2e. g) 
Poor 1 ( 3%) 1( 3%) 0( 0%) 


duty Marine noted, however, that he is now limited to 
only 50 consecutive pushups because of “tiredness” in 
the back, whereas prior to the onset of symptoms 
(following a fractured clavicle) he could easily do 
twice that number. 

Transaxillary group: 26 transaxillary first rib resections 
have been performed in 24 patients. Three were per- 
formed in patients who had undergone previous scale- 
notomy. 

There have been 15 (58%) excellent results, 9 (35%) 
good, 1 (3%) fair, and 1 (3%) poor. Two patients 
have complained of persistent intercostobrachial cu- 
taneous nerve numbness. Both are more than 2 years 
postoperative and in neither was the intercostobrachial 
cutaneous nerve sacrificed. With that exception both 
would be classified as having had excellent results. In 
one patient, a pneumothorax was detected on the first 
postoperative day. He was treated by intercostal catheter 
drainage. His postoperative status has been unimprdved - 
and he has continued to complain of pain around the 
intercostal catheter site. He represents the one poor 
result in the series, and without question this instance 
is a case of improper r selection, All of the complications 
noted in Table 5 occurred early in the series. Five 
patients in whom the pleural space was entered 
operation required postoperative thoracentesis to drain 
serosanguineous fluid. 

One patient, the first in the series, had an inadequate 
decompression of the posterior nerve roots with a 3 cm. 
posterior rib stump remaining, Although his symptoms 
were improved, he has continued to note mild arm 
and shoulder pain. He has refused further surgical ex- 
ploration. 


Discussion 


The thoracic outlet syndrome is probably more com- 
mon than is generally appreciated. It has been proven 


TABLE 5. Complications 

Tr: E 
Seroma 1 
Wound infection 1 
Persistent Horner’s syndrome i 
Pneumothorax ] 
2 
! 





Annoying Intercostobrachial nerve numbness 
Left lower lobe atelectasis 
Posterior thoracoplasty 
Hematoma in area of rib resection 1 





bee 
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that many individuals have positive physical findings 
without significant symptoms.” It is not to be denied 
that many patients will be improved with a regimen 
of conservative treatment.*:14 In this series the patients 
operated upon represent only 38% of the patients re- 
ferred for evaluation of symptoms: of thoracic outlet 
compression. With significant symptoms of venous, arte- 
rial, or neurologic compression, surgical decompression 
of the thoracic outlet is indicated. We have used purely 
symptomatic criteria in the selection of patients for 
surgical decompression. Presumptive testing (Adson 
test, Military maneuver, 90° AER, etc.) may be help- 
ful, but a postive presumptive test alone is not an 
indication for surgical decompression. In our group of 
patients we have not been impressed that arteriography, 


... venography, or ~ulnar- nerve conduction times have 
* helped to decide in favor. of surgical decompression. 
-This differs from cther reported series, but thus far our 
` “results are no, different (90% good-to-excellent). 


Although ‘the transaxillary approach to first rib re- 


| section has. great cosmetic appeal, it has several draw- 
‘` backs. It is not a procedure which lends itself well to 


teaching; it-is not a procedure in which excellent ex- 
posure canbe attained in all individuals; and it is not 


a procedure which - can: be performed without several 
sassistants. In'this series, there has not been a great deal 


“rof: dissimilarity in the degree of discomfort or disability 


in patients operated upon via either the transaxillary 


or posterior thoracoplasty approach, despite the great 
difference in incision length and the obvious difference 
in muscle mass incised. 

The transaxillary procedure is a better procedure 
by which to evaluate the entire thoracic outlet and to 


- determine compression by the second thoracic rib as 


mentioned by Roos.!® It can be performed more rapidly 
and with less blood loss than can the posterior thora- 
coplasty procedure. At present our operating time for 
the transaxillary procedure is 45-60 minutes, while for 
the posterior thoracoplasty procedure it is 90-105 min- 
utes. 

There is little question in our minds that it takes more 
experience to become technically proficient with the 
transaxillary procedure than with the posterior thora- 
coplasty procedure. Others have shared this view,!® and 
the fact that complications have occurred more fre- 
quently early in various series bears this out. We believe 
that in the case of reoperation (except after previous 
scalenotomy), the posterior thoracoplasty approach is 
clearly superior, and that it is also superior in those in- 
dividuals who are obese or heavily muscled. 

It would appear that both methods of surgical de- 
compression have a place in the treatment of the thoracic 
outlet syndrome. At present the necessity for individuali- 
zation in the selection of patients for approach to surgical 
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decompression based both upon the patient’s body habitus 
and the surgeon’s experience is justified. 


Summary 


A series of 37 first rib resections for decompression 
of the thoracic outlet is presented. Twenty-six first rib 
resections were performed by the transaxillary approach 
and 11 were performed by the posterior thoracoplasty 
approach. Results and complications are compared and 
the advantages and disadvantages of the two approaches 
are discussed. 
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r Uagiletions: Santyl Ointment is indicated for debriding dermal ulcers and se- 
“verély’ burned areas. In other types of necrotic skin lesions reports on the use 
of Santyl Ointment have been limited to clinical observations without controls. 
E Contraindications: Application is contraindicated in patients who have shown 
logal. Or: systemic hypersensitivity to Collagenase. 


Precautions: ‘The enzyme’s optimal pH range is 7 to 8. Lower pH conditions 
it Pane. Bi “definite: adverse effect on the enzyme's activity, and appropriate 


i K -precdutioris ‘should be taken. 


The: enzymatic activity is also adversely affected by detergents and hexachloro- 
>=: phene and heavy metal ions such as mercury and silver which are used in some 
antiseptics. When it is suspected such materials have been used, the site should 
be’ carefully cleansed by repeated washings with normal saline before Santyl 
Ointment is applied. Soaks containing metal ions or acidic solutions such as 
Burow's solution should be avoided because of the metal ion and low pH. 
Cleansing materials such as hydrogen peroxide or Dakin's solution do not inter- 
- fere with the activity of the enzyme. 


Debilitated patients should be closely monitored for systemic bacterial infec- 
tions because of the theoretical possibility that debriding enzymes may increase 
the risk of bacteremia. 


The ointment should be confined to the area of the lesion in order to avoid the 
risk of irritation or maceration of normal skin. 


A slight erythema has been noted occasionally in the surrounding tissue par- 
ticularly when the enzyme ointment was not confined to the lesion. This can be 
readily controlled by protecting the healthy skin with a material such as Lassar's 
paste. 


Since the enzyme is a protein, sensitization may develop with prolonged use 
although none has been observed to date. 


Adverse Reactions: Adverse reactions to Collagenase have not been noted when 
used as directed. 


Dosage & Administration: Santy! Ointment should be applied once daily (or 
once every other day in the case of ‘outpatients) in the following manner. 


(1) Prior to application the lesions should be gently cleansed with a gauze pad 
saturated in normal saline, buffer (pH 7.0-7.5) or hydrogen peroxide to remove 
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any film and digested material. 


(2) Whenever infection is present, as evidenced by positive cultures, pus, inflam- 
mation or odor, it is desirable to use an appropriate topical antibacterial agent. 
Neomycin-Bacitracin-Polymyxin B (Neosporin) has been found compatible with 
Santy! Ointment. This antibiotic should be applied to the lesion in powder form 
or solution prior to the application of Santyl Ointment. Should the infection not 
respond, therapy with Santyl Ointment should be discontinued until remission 
of the infection. 


(3) Santyl Ointment should be applied (using a wooden tongue depressor or 
spatula) directly to deep wounds, or, when dealing with shallow wounds, to a 
sterile gauze pad which is then applied to wound. The wound is covered with 
sterile gauze pad and secured with clear tape or Kling bandage. 


(4) Crosshatching thick eschar with a #11 blade is helpful. It is also desirable 
to remove as much loosened detritus as can be done readily with forceps and 
scissors. 


(5) All excess ointment should be removed each time dressing is changed. 


(6) Use of the ointment should be terminated when sufficient debridement of 
necrotic tissue has taken place. 


Overdose: Action of the enzyme may be stopped, should this be desired, by the 
application of Burow's solution U.S.P. (pH 3.6-4.4) to the lesion. 


How Supplied: Santy! Ointment contains 250 units of Collagenase enzyme per 
gram of white petrolatum U.S.P. The potency assay of Collagenase is based on 
the digestion of undenatured collagen (from bovine Achilles tendon) at pH 7.2 
and 37°C. for 24 hours. The number of peptides cleaved are measured by reac- 
tion with ninhydrin. Peptides released by a trypsin digestion control are sub- 
tracted. One net Collagenase unit will solubilize ninhydrin reactive material 
equivalent to 4 micromoles of Leucine. 
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Icteric Thoracic Duct Lymph: 


Significance in Patients With Manifestations of Obstructive Jaundice 


N PATIENTS with clinical features of obstructive jaun- 

dice, a more complex mechanism than simple re- 
gurgitation of bile into the venous system may underlie 
hyperbilirubinemia. Some observations, including those 
of Saunders in 1795, suggest that bilirubin enters blood 
predominantly via liver lymphatics and the thoracic 
duct, while others indicate that this route is important, 
if at all, only in the first few hours of biliary obstruc- 
tion. )4.8.8,9,14,15,19,20,21,27,29 An attempt to resolve this 
question and to clarify the origin of excess bilirubin in 
thoracic duct lymph forms the basis for this report. 
Based on the fact that patients with liver disease may 
display many of the biochemical and clinical features 
of “surgical jaundice”, thoracic duct lymph, a more 
sensitive and dynamic guide to precise diagnosis than 
serum alone, was studied in 16 patients with clinical and 
laboratory manifestations of obstructive jaundice.*” 

Recent studies indicate that all of the bilirubin cir- 
culating in body fluids is bound to protein and therefore 
it no longer seems reasonable to consider mechanisms 
Teo entry of excess bilirubin into thoracic duct 
lymph and blood without considering the source and 
relative amounts of protein in these fluids.?* It is re- 
cognized that protein concentration in liver lymph is 
practically identica] with that of plasma while lymph 
from the less permeable extrahepatic portal bed contains 
less than half of this amount. Thoracic duct lymph/ 
serum protein ratios were therefore used to calculate 
the proportions of thoracic duct lymph derived from 
liver and from the extrahepatic portal bed, together the 
source of almost all thoracic duct lymph.*! A comparison 
between this ratio and that of bilirubin then provided 
information concerning the origin of bilirubin in lymph. 
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In addition, the old question of whether or not components 
of bile are transported to blood in significant amounts 
in thoracic duct lymph was re-examined by determin- 
ing the effects of temporarily excluding icteric Ivmph 
from blood. 


Clinical Data 


Thoracic duct cannulation was performed in the neck 
under local anesthesia in 16 adult patients with clinical 
and laboratory manifestations of obstructive jaundice. 
Serum bilirubin levels ranged from 5 to 47 mg./100ml. 
and conjugated bilirubin was the predominant component 
in the serum of each patient. Jaundice had been present 
for variable periods of time although for not less than 
2 weeks in any patient and was uniformly accompanied 
by clay colored stools and biliuria. In addition to examin- 
ation of thoracic duct lymph, definitive diagnosis in 
some patients also required exploratory laparotomy 
and/or liver biopsy. Thus extrahepatic biliary ob- 
struction due to carcinoma was eventually found in eight 
and of the remainder, five had intrahepatic chole- 
stasis'S?4 (in one case due to Thorazine) and three had 
primary liver disease. Diagnostic aspects of the flow 
and composition of thoracic duct lymph (apart from 
bilirubin and protein levels) in some of these patients 
were cues in an earlier Hoe 30 
and e nidal eee Ga was nee for ak 
within a few minutes of establishing flow through the 
cannula; simultaneously and at intervals thereafter 
samples of venous blood were obtained from an ante- 
cubital vein. When lymph drainage was continued for 














54 DUMONT 
50 
LYMPH 
MI CONTR GL 
BA 24 HOuHS | 
ad be 4 
A | 
E€ 
$ | 
o o 1 
és 
z -= 
D i pa E 
> 20 m i K 
a WA os cy |g 
ad Fi $ ay t 
ras . A i A a ry | | i 
> TTA tan E a 
4 yi EE 1 pi | pA ial @ 
EE SE fs P g BERE \Aig 
Bg gil Be LY si 
EnEn nS alle 2 eT 
OE EN EN EN NN NN EN Bu EE ENERE 
P RG ws FG di &¢ + 5 tz rü RP áK ng MF 


PATIENTS 


Fic. 1. Total bilirubin levels in samples of lymph (A) and serum 
(B) collected at the onset and after 24 hours of thoracic duct 
drainage. 


more than a few hours, fluid and protein balance were 
carefully maintained by a combination of oral fat-free 
fluids and by intravenous replacement therapy with 
Ringer’s lactate solution containing albumin. 

Protein levels in lymph and serum were measured 
by the biuret method and bilirubin by the Van den 
Bergh technic. 


Ka Pew 


aR oF Results 


Lymph flow ranged from .2 to 3 cc./minute (normal 
0.5 to 1.5). Lymph/serum bilirubin ratios ranged from 
0.1 to 1 and averaged 0.6. Conjugated bilirubin was 
the principal component in serum and in lymph in each 
patient. 

Lymph/serum bilirubin ratios were highest (0.8 or 
more) in two patients with primary liver disease, a 
patient with intrahepatic cholestasis (Thorazine jaun- 
dice) and a patient with extrahepatic biliary obstruc- 
tion. These ratios were lowest (0.4 or less) in two 
patients with extrahepatic biliary obstruction and one 
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Fic. 1B. See legend for Figure 1. 
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with hepatocellular disease. Ratios in the middle range 
(0.5 to 0.7) were found in the remaining nine patients. 

Lymph/serum protein ratios were in the normal 
range of 0.5 to 0.55 in eight patients and of the re- 
mainder, five were lower and three higher. These variati- 
ations appeared to bear no direct relationship to the 
type of underlying hepatic disorder. 

When lymph drainage was continued in 14 patients 
(up to 4 days) lymph and serum bilirubin levels de- 
clined in 11, a decrease which averaged 5.1 mg. in 
serum in the first 24 hours (Figs. 1 A and B). Lymph 
levels usually declined at a slower rate. In the three 
patients in whom serum and lymph levels remained 
unchanged, intrahepatic cholestasis was diagnosed in 
two and hepatocellular disease in one. In four patients 
with intractable pruritus, two with extrahepatic biliary 
obstruction and two with intrahepatic cholestasis, itch- 
ing stopped within a few hours of lymph drainage and 
then resumed following cessation of lymph flow. 

Pertinent data from these patients are summarized in 
Table 1. 


Discussion 


All 16 patients included in this study fulfilled the 
conditions generally accepted for the diagnosis of ob- 
structive jaundice. Regardless of the underlying con- 
dition whether an abnormally permeable or obstructed 
biliary system or primary liver disease, clinical mani- 
festations were similar. In contrast, differences in 
lvmph/serum protein and bilirubin ratios and in the 
relationship of one to the other were striking. 

With respect to protein, three different patterns were 
recognized. First, in eight patients a normal ratio of 
0.5 to 0.66 was found indicating that thoracic duct 
lymph derived normally in roughly equal amounts on 
liver and from the extrahepatic portal bed. Second, i 
three patients lymph/serum protein ratios eee 
0.8 reflecting an abnormal preponderance of high pro- 
tein liver lymph, the result usually of hepatic venous out- 
flow obstruction. Third, in five patients lymph/serum 
protein ratios were 0.4 or less indicating that an ab- 
normally large proportion of lymph derived from the 
extrahepatic portal bed, the result usually of impairment 
to flow in the portal vein. These variations in the 
lymph/serum protein ratio did not correlate with the 
distribution of bilirubin between thoracic duct lymph 
and serum. 

An explanation of differences between lymph/serum 
protein ratios on the one hand and those of bilirubin on 
the other was sought with several possibilities in mind. 
First, bilirubin could enter lymph in liver and in the 
extrahepatic portal bed exclusively by transfer from 
plasma across the capillary wall. In this case all of the 
bilirubin entering lymph from plasma would be protein 
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bound and lymph/serum ratios of bilirubin and protein 
would thus be similar if not identical. Second, additional 
amounts of bilirubin could enter liver lymph inde- 
pendently of protein by direct transfer from hepato- 
cytes or leaky canaliculi. In this event lymph/serum 
bilirubin ratios would be higher than those of protein. 
Third, an increasing amount of bilirubin filtering across 
the sinusoid could be cleared from hepatic lymph as 
biliary secretory function returned. The net result of 
this process would be lymph/serum bilirubin ratios lower 
than those of protein. 

Based on these considerations it is evident that 
bilirubin entered lymph by direct transfer from plasma 
alone in nine patients. In five others, including the four 
with the highest lymph/serum bilirubin ratios, bilirubin 
- was added to hepatic lymph from hepatocytes or leaky 
canaliculi. The results in this latter group are of par- 
ticular interest as they tend to confirm a direct functional 
pathway from the biliary secretory unit to hepatic 
lymph, ‘a; route previously rejected by some investigators 
while supported by others.**:2° In this regard, evidence 
obtained recently from electron photomicrographs in- 
dicates that hepatic cells and canaliculi have access to 
_ blood in sinusoids solely through an intercellular space 
which communicates with the perisinusoidal space of 
“Disse, the major source of hepatic lymph.” Evidence fa- 

“vering the view that bilirubin is added to liver lymph 
from hepatocytes rather than canaliculi has been re- 
viewed by others.’ 

Lymph/serum bilirubin ratios were significantly less 
than those of protein in only two patients. Primary liver 
disease was diagnosed in one who also demonstrated 
the lowest lymph/serum bilirubin ratio; intrahepatic 
cholestasis was diagnosed in the other, in whom serum 
bilirubin levels continued to decline after removal of the 
cannula. 

The reserve capacity of protein to bind bilirubin 
(up to 60 mg. of bilirubin per 6-7 Gm. of protein) is 
such that it might be possible, on a theoretical basis, 
for thoracic duct lymph levels of total blirubin to ex- 
ceed those in serum, even in patients in whom lymph/ 
serum protein ratios are normal. Although concentrations 
of either conjugated or unconjugated components in 
thoracic duct lymph did at times exceed levels of the 
corresponding component in serum in a few patients, 
this was never the case for total bilirubin levels. For 
the latter to be higher in thoracic duct lymph than in 
serum selective entry into liver lymph of both com- 
ponents in large amounts would probably be required. 

Decrease in serum bilirubin levels observed in the 
majority of patients in whom lymph was continuously 
diverted from blood signifies that bilirubin entering 
blood in thoracic duct lymph accounts for a significant 
component of circulating bilirubin. As approximately 
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one half of the circulating pool of plasma protein is 
transported in thoracic duct lymph each 24 hours, it 
seems likely by analogy that when lymph/serum ratios 
of bilirubin equal or exceed those of. protein, at least 
half of the circulating pool of bilirubin also enters blood 
via thoracic duct lymph each 24 hours. The finding that 
ratios of conjugated to unconjugated bilirubin in thoracic 
duct lymph differ at times from those in serum inno 
way alters this concept, Such differences could result 
from selected urinary excretion of conjugated bilirubin 
and from extrahepatic deconjugation of circulating bili- 
rubin.1 Even in the absence of any specific contribution 
of bilirubin to hepatic lymph from hepatocytes or can- 
aliculi, continuous transfer into liver and extrahepatic 
lymph from plasma is in itself sufficient to insure a high 
lymph/serum ratio. Further, as the data failed to disclose 
any correlation between levels of excess bilirubin. in 
serum and lymph/serum ratios, explanations of jaundice 
which relate degree of hyperbilirubinemia to diffusion 
of bilirubin into tissues should be discarded. 

Data obtained in two of the patients in this study 
may warrant special comment. A diagnosis of intrahepatic 
cholestasis due to thorazine ingestion®!°4? in one and 
of benign recurrent cholestasis?*1° in the other were made 
respectively several weeks and 10 years after cannulation. 
In the first patient conjugated bilirubin was added to 
liver lymph from an intrahepatic source other than 
plasma. After 2 days of lymph drainage levels of con- 
jugated bilirubin fell in both lymph and serum while 
those of the unconjugated component doubled in serum 
and remained unchanged in lymph. Although the signif- 
icance of these findings is still obscure the data suggest 
that unconjugated bilirubin selectively entered hepatic 
venous blood. In the second patient lymph/serum 
ratios of bilirubin equaled those of protein and serum 
levels decreased by one half after 3 days of lymph 
drainage. 

A finding that previously intractable pruritus ceased 
within a few hours of diverting lymph from blood sug- 
gests that thoracic duct lymph is an important link in 
the recirculation of bile salts. As recent studies suggest 
that hepatic bile salt production stops within a short 
time after bile flow is obstructed? it is likely that 
lymph borne bile salts derive predominantly from 
plasma. Support for the view that bile salts recirculate 
in thoracic duct lymph was also provided by results of 
other studies which demonstrated that inflammation in 
livers of animals with experimentally produced biliary 
obstruction decreased markedly following anastomosis 
of the thoracic duct to the esophagus (Figs. 2 A and — 
B). Persistently elevated titers of circulating bile salts 
rather than simple hepatic retention may in fact underlie 
the hepatic inflammatory lesion.” Clinical attempts to 
drain icteric hepatic or thoracic duct lymph into the 
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Fic. 2. Histologic appear- 
ance of the liver in a dog 
after 3 weeks of extra- 
hepatic biliary obstruc- 
tion (A) and then 4 
weeks later (B). In the 
interval between these 
ee liver biopsies, icteric 
thoracic duct lymph was 
continuously diverted 
away from blood and into 
the cervical esophagus. 
Disappearance of bile 
“lakes”, decrease in ac- 
cumulation of inflamma- 
tory cells and partial res- 
toration of normal cords 
of liver cells is evident 
even though extrahepatic 
biliary obstruction per- 
sists (H.&E. X100). 


Fic. 2B. See legend for 
Figure 2. 
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gastrointestinal tract and away from blood thus appear 
to have a rational basis.1®-28 


Summary 


Levels of bilirubin and protein were measured in 
thoracic duct lymph and in serum in 16 patients with 
clinical manifestations of obstructive jaundice. In con- 
trast to the similarity of the clinical picture several 
strikingly different patterns in the relationship between 
lymph/serum bilirubin and protein ratios were identified. 
Based on the consideration that bilirubin circulates in 
body fluids in a protein bound form, the results suggest 
that in nine patients excess bilirubin filtered continu- 
ously from blood to lymph across capillary walls in 
the liver and extrahepatic portal bed. In five others 
additional bilirubin entered hepatic lymph from either 
hepatocytes or leaky canaliculi. In the remaining two 
patients. significant amounts of recirculating bilirubin 


‘apparently were cleared from hepatic lymph as biliary 


secretory function returned. Levels of circulating bili- 
rubin decreased in 11 of 14 patients following diver- 
sion of-:thoracic duct lymph from blood, indicating 
that a significant component and perhaps one half of 
the excess circulating bilirubin pool normally entered 
blood via the thoracic duct each 24 hours. As the degree 
of. hyperbilirubinemia bore no relationship to lymph/ 


‘serum bilirubin ratios, explanations of jaundice which re- 


late diffusion into tissue to degree of hyperbilirubinemia 
are incorrect and should be discarded. Cessation of 
pruritus following diversion of lymph noted in four of 
these patients suggests that excess bile salts also re- 
circulate to the blood via lymph. 
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| Humoral Recognition Deficiency. in the Etiology of 
Reticuloeéndothelial Depression Induced by Surgery 


Ţ HE RETICULOENDOTHELIAL (RE) or macrophage sys- 
T tern represents a. collection of mesenchymal derived 
cells which have the capacity to rapidly recognize. and 
phagocytize denatured proteins, damaged autologus 
tissue and foreign particulate matter. A -major portion 
of the RES consists of sessile macrophages localized in 


the liver, lungs, spleen and bone imarrow.?*35 Their 


distribution in relationship to the circulation, coupled 
with their phagocytic capacity allows them to monitor 
the blood and rapidly remove circulating foreign par- 
ticulate antigens and degenerate endogenous tissue 
debris. The immunologic and homeostatic role of this 
phagocytic clearance ‘mechanism relative to both nori- 
specific and specific host-defense has been well docu- 
mented. 2,3,4,11,26,35 

Experimental and clinical findings have demonstrated 
that macrophages are a major component of the host 
response associated with tumor growth,2*3%4% bacterial 
infection®**9 and diseases of altered immunity.*! The 
importance of these findings relative to the concept of 
the RES as a defense apparatus are further emphasized 
by the observations that R.E. stimulation will protect 
ägainst experimentally induced infections,” as well as 
lead to a regression of experiméntally induced tumors.®. 
Conversely, RE depression will enhance host suscepti- 
bility to tumor growth?4°5 and spread and decrease 


resistance to experimental bacterial infection.®:?6 
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It has beçome boani evident that: ‘ridoropliage 
phagocytosis is intimately. associated with humoral and 
cellular recognition mechanisms.* 39.35 Jn this regard, 
macrophages can discrirninate foreign matter and effete 
endogenous matter from healthy indigenous tissue. This 
capacity to discriminate “self” and “altered:self” appears. 
to be related to the presence of specific: plasma or serum 
proteins called “opsonins” or humoral recognition fac- 
tors®:9:28,3085,38 which interact with the foreign or de- 
natured surface and stimulate phagocytosis, Opsonin or 
humoral recognition factor®°.8* appears to be an alpha-2- 
globulin and its regulatory influence on phagocytosis 
has been recently quantified in this laboratory with 
isolated and purified opsonic protein.1 The dependence 
of RE cell phagocytosis on opsonic activity has been 
demonstrated in vivo,?* by the perfused liver,” by iso- 
lated liver slices,?® and with isolated macrophage prep- 
arations.?:34 

Several studies have directed attention to a possible 
functional relationship. between operative stress and 
decreased resistance to the growth and spread of tu- 
mors.!7-19.25 Surgical trauma has been suggested by 
Gordon-Taylor’® to induce an increased growth and 
spread of neoplastic disease during the postoperative 
period. El Rifi et al. have correlated the decreased 
resistance of the postoperative period with an increased 
incidence of pulmonary metastasis. These findings, in 
addition to the effect of laparotomy* and hepatic sur- 
gery!® as related to either tumor cell “takes” or tumor - 
growth, provide support for the concept of altered host 
defense during the postoperative period. 

Since the RES is a major mechanism of host resistance; 
and since surgical stress initiates a'state of diminished 


host resistance, recent studies have focused attention on 
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the effect of operation on the functional ability of the 
RES. In this regard, surgical manipulation of humans 
and animals®*34.37 will induce a significant alteration of 
RE function as evidenced by delayed blood clearance 
and decreased hepatic uptake of intravenously injected 
foreign particulate matter. This response does not seem 
to be related to a specific trauma model in that depres- 
sion of the systemic clearance capacity of the RES has 
been noted in association with extra corporeal circula- 
tion*# cutaneous burns”4:2732 ligation of the superior 
mesenteric artery following laparotomy”? and skin trans- 
plantation.”° In view of the importance of opsonic or 
recognition factors in RE function,°°°> the possibility 
exists that phagocytic depression following these various 
surgical and experimental procedures has a common 
etiologic mechanism, i.e. deficiency of the opsonic or 
humoral recognition system.34:% 

In the present investigation the phagocytic capacity 
of the RES was evaluated relative to the circulating level 
of plasma opsonic or recognition factor??.2588 activity 
both during and. following major abdominal surgery in 
dogs. ‘Since. the major organ involved.in the clearance is 
the liver, ‘arid ‘since previous findings" suggest a poten- 
tial role for hepatic blood flow alteration in the post- 
operative cléarance response, the hepatic sinusoidal blood 
-dow was: also: investigated as a potential factor mediat- 
‘ing phagocytic changes during operation. 


Materials and Methods 


Healthy (12 hr. fasted) mongrel dogs weighing 13-18 
Kg. and maintained in the Medical Research Laboratory 
Hospital were used in all experiments. Control, non- 
surgically stressed dogs, and surgically stressed dogs 
were anesthetized with sodium pentobarbital (30 mg./ 
Kg.) and allowed to breathe spontaneously via a cuffed 
endotracheal tube throughout the. experimental period. 
The operative procedure employed was a standard right 
liemicolectomy with ileo-transverse colostomy which was 
performed over a 3-hr. period of time under sterile con- 
ditions. 

RE phagocytic function was evaluated by means of 
the colloid clearance technic.**+7 This method is based 
on the ability of fixed RE cells to phagocytically remove 
iritravenously injected colloidal or particulate material,5® 
and has been used extensively in animal211:2236 and 
human?®4°.41 studies. The test colloid employed was a 
radioiodinated. lipid emulsion?®**4° referred to as the 
gelatinized™® I “RE test lipid emilsion.”7:86.38 This emul- 
sion is prepared as an anhydrous base with glycerol,1# 
I triolein (Mallinkcrodt, St. Louis, Mo.) and soya lecithin 
mixed in a ratio of 10:10:1 by weight, respectively. 
Prior to injection a 0.3% gelatin supplemented sterile 5% 
dextrose in water solution, adjusted to a pH of 7.4, was 
added to the anhydrous lipid base to provide an emul- 
sion with a 20% base concentration.’ The emulsion prep- 
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aration was incubated at 37C for 20 min: prior to intra-. 
vendus injection in order to affect gelatinization. This 
emulsion is exclusively removed from the vascular com- 
partment by RE cells, especially the hepatic Kupffer 
cells™1%36¢ as confirmed by electronmicroscopy.*? | 

The rate of vascular clearance of the radioiodinated 
lipid emulsion in dogs was used as a measure of RE 
phagocytic activity.7118 The radioactive -emulsion with 
a specific activity of 0.01 »e./mg. was injected intra- 
venously at a dose of 700 mg./Kg. body weight and 
serial 1.0 ml. timed arterial blood samples were taken 
every 2 min. for 14 min. from an indwelling femoral 
arterial polyethylene catheter (PE 260). The samples 
were analyzed for colloid concentration by radioassay 
in a Nuclear Chicago Auto-Gamma crystal scintillation 
system (Nuclear-Chicago, Desplaines, Ill.) as previously 
described.*** The post-injection blood levels of colloid 
remaining in the vascular space at the varying time in- 
tervals following injection were expressed as the percent 
of the injected dose circulating per 100 ml. whole blood 
(%ID/100 ml.). This level of colloid retention was plotted 
semilogarithmically against time in min. and the phago- 
cytic index K or the half-time (t%) for the vascular 
clearance of test colloid was determined.” The phago- 
cytic index K was calculated from the expression: 


_ log Cc, — log C2, 
Te- Ty 


where, C, and Cz represent the blood concentration at 
time T; and Ts, respectively.? 335 

The opsonic or humoral recognition factor (HRF) 
activity of plasma,3°3638 before, during and after op- 
eration was determined using an in vitro bioassay tech- 
nic,30.36,38 This method has been extensively employed in 
the evaluation of opsonic or humoral recognition factor 
(HRF) activity in animals?®38 and humans®®° under a 
variety of experimental conditions. Briefly, liver slices 
weighing 200-400 mg. and 0.5 mm. in thickness were 
prepared from livers of normal rats using a Stadie-Riggs 
tissue slicer. The liver slices were incubated in a medium 
containing 1 ml. of experimental plasma, 2 ml. of Krebs 
Ringer phosphate buffered to pH 7.4, 100 USP units 
heparin (UpJohn, Kalamazoo, Michigan), and 2 mg. of 
the gelatinized!*! I “RE test emulsion” ‘(1% emulsion 
with 0.1% gelatin). All samples were incubated under a 
gas phase of 95% O; and 5% CO; i in a Dubnoff metabolic 
shaker at 37G for 30 min. Following incubation, the 
tissue slices were washed, weighed and analyzed for 
colloid uptake. The opsonic or HRF activity of plasma 
was evaluated in terms of its ability to stimulate Kupffer 
cell phagocytosis, expressed as pg of the test colloid or 
per cent of the injected dose phagocytized per 100 nig. 
of liver tissue (»g/100 mg. or 41D/100 mg.). 

The rate of blood clearance of previously opsonized 
test particles*® was also evaluated in an attempt to dem- 
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onstrate the reversability of any potential RE clearance 
depression due to deficiency of circulating opsonic or 


HRF activity. Opsonization of the test colloid was ac- 


complished by incubation with normal heparinized 
plasma (200 mg./ml.) at 37C in a Dubnof metabolic 
shaker for 15 min. as previously described.*° The op- 
sonized test colloid was injected intravenously (700 
mg./Kg.) at the time of maximum RE phagocytic de- 
pression and its rate of clearance from the vascular space 
was evaluated in relationship to the clearance of .an 
identical dose of the colloid in a non-opsonized form. 

Hepatic blood flow was determined using an isotopic 
fractional clearance rate (k) technic.*:!2 A tracer dose of 
colloidal gold (1®*Au-Abbott Lab, Chicago), below. the 
critical colloid dose, equivalent to 50 »g/Kg. BW and 
having a specific activity 0.1 „c/ag gold was employed. 
At this dose, the rate limiting factor for the vascular 
clearance of the test colloid is hepatic sinusoidal blood 
flow and not RE phagocytic activity.®1235 The fractional 
clearance rate “k” was calculated from the expression: 


0.693 


“k” (fractional clearance rate) = —_ 
l - t2 





where, “k” represents the fraction of the blood volume 
cleared of the test colloid per minute. Liver sinusoidal 
blood flow was calculated from the expression: 


Hepatic blood flow (HBF) = “k” x BV 


where BV is the blood volume in ml. calculated by ex- 
trapolation of the clearance curve to zero time (Co) and 
adjusting for dilution of the isotope throughout the vas- 
cular compartment.?* Hepatic blood flow was expressed 
as ml./min., ml./min./Gm. liver weight, and ml./min./ 
Kg. body weight. Means and standard errors for all ex- 
perimental groups were calculated and significance was 
determined with `a t-test using a confidence level of 95%. 
The clearance curve half-time was determined with a 
PDP digital analog computer ( Maynard, Mass.) utilizing 
a best fit, least squares regression line. 


Results 
As presented in Table 1, the vascular clearance of the 


intravenously injected gelatinized “RE test lipid emul- 
sion” was significantly depressed (p < 0.01) during the 


TABLE 1, 
Experimental Control 
Parameters) (Pre-surgery) 1 
Half-Time (t3) min 4.88 5.86 
+0.39 +0.48 
Phagocytic Index (K) .063 .051 
+ .004 + .004 
K (% Control) 100% 81% © 


OPERATIVE STRESS AND HOST DEFENSE 6] 


2, 3, 4 and 5 hr. intervals following the initial abdominal 
incision. The point of maximum (47%) depression of the 
phagocytic index K occurred 3 hours following the ini- 
tial incision, which corresponds with a 2-fold prolonga- 
tion of the clearance half-time (t) as compared to con- 
trol values. The disappearance curve was normal at 1 hr. 
following the initial incision. 

Hepatic sinuscidal blood flow was measured at 1 hour 
intervals during the experimental period in an attempt 
to evaluate whether alterations in liver blood flow were 
a factor in the depression of intravascular phagocytosis. 
As presented in Table 2, there was no significant change 
in hepatic sinusoidal blood flow noted either during or 
following the right hemicolectomy. Furthermore, evalua- 
tion of blood volume by extrapolation of the *°*Au tracer 
disappearance curve to zero time and application of the 
dilution principle, revealed no significant change in blood 
volume during or following the operative procedure. 

In contrast to the apparent lack of involvement of liver 
blood flow changes in the etiology of the RE phagocytic 
depression, the findings depicted in Figure. 1-demonstrate 
a close temporal relationship between: the level. of the 
phagocytic index K and the circulating’ plasma: opsonic 
or HRF activity. At 1 hour post-incision there was no 
alteration in opsonic actiyity which correlated witlta 
normal phagocytic index (Table 1) at that time. How: 
ever, the plasma opsonic or HRF activity was signif: - 
cantly (p < 0.01) decreased to 75% or less of control, 
preoperative values at 2, 3, and 4 hours following the 
initial abdominal incision. While the level of HRF ac- 
tivity appears recovered significantly by. 5 hrs., the phago- 
cytic index K is still somewhat decreased which may 
reflect a lag period in terms of the subsequent cellular 
response. 

The apparent involvement of the opsonin system in 
the etiology of the RE phagocytic depression during 
operation was supported by the findings presented in 
Figure 2 in which complete reversal of the surgically 
induced phagocytic depression was accomplished by 
prior opsonization of the test colloid. In this regard, 
prolongation of the half-time (tz) from a control value 
of 4.88 + 0.39 min. to 10.08 + 2.21 min. was circum- 
vented by providing adequate opsonization of the test 
particles with restoration of a normal clearance (t% of 


Intravascular Phagocylic Actiuiy™ During and after Operation 


Time Following Abdominal Incision (hrs) 


2 3 4 5 
8.88 10.08 8.28 8.29 
+3.16 +2.21 +0.52 +1.25 
O41 033 036 039 
+ 014 + 006 + 002 + 007 
65% 52% 57% 62% 


a Evaluated by the clearance rate of the gelatinized “RE test lipid emulsion” injected intravenously at a dose of 700 mg./ Kg. body weight. 
Each value represents the mean + standard error with a total of 20 dogs evaluated with approximately 3-4 dogs at each interval. 





TABLE 2. Hepatic Blood Flow) and Blood Volume in Dogs Prior to, during and after Right Hemicolectomy 
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Control 
Experimental Parameter (Pre-surgery) 1 
Hepatic Blood Flow 
ml./min. ~ 539.20 580.10 
l +3.10 +9.80 
ml. /min./g. ®© 0.96 1.03 
+0.05 +0.04 
ml./min./kg. © 32.20 34.60 
En +1.90 +1.30 
Blood Volume (ml.) 996 1001 
+2 +57 


_ Time Following Abdominal Incision (hrs) 
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2 3 4 5 
556.00 545.40 527.10 515.80 
+ 6.00 +42.90 +27. 30 +25.10 

0.94 0.97 0.93 0.91 
+0, 06 +0.02 +0.02 +0.05 

33.30 32.40 31.40 30.60 
+2.10 +0.80 +0.10 +0.10 
1027 1013 994 995 
+37 +2 +6 +3 


) Collected observations on 12 serial determinations with "8Au injected at a tracer dose of 50 ug., /Kg. body weight. Means + standard 


error of the mean are presented. 
©) Represents determinations on a per Gm. liver weight basis. 
© Represents determinations on a per Kg. body weight. basis. 


5.20 + 1.50 min.) at 3 hrs. following the initial abdomi- 
nal incision. | 


Discussion 


. The present findings significantly extend previous ob- 
servations that surgical manipulation of humans and 
animals?-%34487 will result in an alteration of reticulo- 
endothelial: ‘systemic host defense clearance activity. In 
this regard, a. standard right hemicolectomy was per- 
formed in dogs during a 3-hour period and a dramatic, 
‘twa-fold delay in the rate of phagocytic clearance from 
the vascular space of the foreign test colloid-was noted 
both during and following the operative procedure. The 
significance of this finding relative to alterations in the 
general systemic host defense mechanisms?*:1827.35 is ap- 
parent. Since the RES is a major mechanism for the 
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Fie. 1. Circulating plasma opsonic or humoral recognition factor 
activity during and after operation. Each point represents the mean 
ck standard error of an average of 44 determinations. ‘Collective 
data were obtained in 23 separate dogs. Points of opsonic ee 
001). (at the 2, 3, and 4 hr. sata were significant (p< 
0.01 


removal of foreign as well as denatured endogenous*® 
particulate matter, the potential exists for hematogenous 
dissemination of malignant cells, bacteria, microthrombi 
or other blood-borne particulate matter during a time of 
surgically induced depression in the systemic RE clear- 
ance capacity. That impaired clearance by splanchnic RE 
organs (liver and spleen) could eventuate in an abnor- 
mal pulmonary localization of blood- -borne particulate 
matter has been recently demonstrated. 

Since a major portion of the cell population of the RES 
consists of hepatic Kupffer cells, impaired hepatic ‘sinus- 
oidal perfusion would conceivably give rise to an altera- 
tion of splanchnic clearance activity. The present find- 
ings do not support this vascular mechanism in the 
etiology of RE depression associated with operation since 
no alterations in hepatic sinusoidal blood flow were noted 
any time during or following the operative period, in- 
cluding the interval at which there was maximum phago- 
cytic depression. This observation, coupled with previous 
findings in rats relative to liver blood flow after laparot- 
omy*? does not support earlier speculations by Donovan?? 
on the potential involvement of liver vascular alterations 


VASCULAR 
CLEARANCE 


Half Time” (min) 





MODEL: CONTROL. 3 HRS. POST INCISION 3HRS POST INCISION 
COLLOID: NON- OPSONIZED NON-OPSONIZED OPSONIZED 


Fic. 2. Recovery of depressed RE phagocytic function during 
operation by opsonization. 

a) Values are expressed as mean + standard error based on 
experiments conducted in dogs. 

b) The test colloid in the opsonized form and non-opsonized 
form was injected intravenously at a dose of 700 mg/Kg. 
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in the abnormal clearance of denatured human serum 
albumin (HSA) in patients following operation. 

In contrast, these results support the concept that RE 
depression occurring in conjunction with or following 
surgical stress is related to a decrease in circulating 
opsonic of HRF activity.*t Many investigators have 
clearly demonstrated the intimate role played by serum 
opsonins® in the regulation of phagocytosis.1523.30,31,36 
Indeed, a negative feedback model has recently been 
developed which emphasizes the role of humoral factors 
in the regulation of RE host defense activity as it may 
relate to macrophage alterations during neoplasia, starva- 
tion, RE blockage, x-irradiation, as well as drug induced 
immunosuppression mediated by failure of the macro- 
phage in the afferent arc of the immune response.” De- 
creased circulating opsonic activity during a period of 
surgically induced RE phagocytic depression, coupled 
with the complete reversal of the RE phagocytic depres- 
sion accomplished by prior opsonization, supports the 
concept of a “humoral recognition” deficit as a major 
pathophysiologic factor mediating the depression in in- 
travascular phagocytosis. 

The factors mediating depression or depletion of 
plasma opsonic or HRF activity during or immediately 
following operative stress are unknown. Effete cellular 
tissue debris and denatured proteins such as fibrin are 
rapidly cleared from the circulation by the RES'*° and 
one would strongly suggest that opsonic protein is uti- 
lized or consumed in the process.?%3435.45 Intracellular 
debris, microthrombi or other particulate matter may be 
released into the circulation at the time of operation 
resulting in the utilization of opsonic protein with sub- 
sequent “hypo-opsonemia” and phagocytic depression, a 
conceptual model analogous to RE blockade.?® This 
model appears quite plausible in view of the close in 
vivo similarity between opsonin recovery after opera- 
tion*® and after colloid induced opsonin consumption?! 
in the rat. Indeed, the similar response of the RES after 
skin transplantation,?° laparotomy,’ trauma,*? and burn 
injury% suggested a common etiologic mechanism. 

Activation of the pituitary-adrenal axis with the sub- 
sequent release of adrenal] cortical steroids in response to 
tissue trauma is well known. Large doses of steroids have 
been shown to depress the phagocytic capacity of the 
RES*1-46 and recent evidence suggests that corticosterone 
or ACTH, given in amounts to simulate posttrauma 
levels, may have a depressing effect on the clearance 
capacity of the RES.4* Conceivably, adrenal cortical 
steroids may bind to and transiently inactivate opsonin 
as previously speculated’? thus, potentiating and/or pre- 
cipitating the RE depression associated with surgical 
trauma. At the present time, the role of adrenal steroid 
release in the etiology of the RE depression is under 
investigation and preliminary findings indicate that in- 
hibition of ACTH release by dexamethasone pretreat- 
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ment eliminates the RE depression during operation 
(Scovill and Saba, unpublished observations), Whether 
this is mediated through a cellular or humoral mecha- 
nism remains to be determined. 

Thus, the findings clearly demonstrate a RE host- 
defense depression associated with operation which is 
mediated by a humoral recognition factor (HRF) def- 
ciency. Although the mechanism involved in the deple- 
tion of plasma opsonic or HRF activity are not known, 
the fact that surgical manipulation will induce a major 
deficit in macrophage function is very significant. Pro- 
found phagocytic depression during operation may effect 
the postoperative response of patients following major 
operative procedures by interference with non-specific 
defense mechanisms (bacterial clearance, fibrin clear- 
ance, etc.) as well as disruption of the afferent arc of the 
immune response in terms of antigen localization and 
processing. Reversal of the RE phagocytic depression by 
opsonization suggests that circumvention of the RE 
phagocytic depression and subsequent host defense-.al- 
terations during operation may be accomplished by the 
passive administration during operation of opsonically 
active protein now that it has been isolated; identified, 
and maintained in a lyophilized form.! 


Summary ace ae a 


Pronounced depression of the intravascular phagodytic 
capacity of the reticuloendothelial system was demon- 
strated in dogs both during and after major abdominal 
surgery. No alterations in hepatic sinusoidal blood flow 
or circulating blood volume occurred during the experi- 
mental period that could account for the abnormal clear- 
ance activity of the RES. In contrast, macrophage de- 
pression associated with surgical trauma was functionally 
related to a depletion and/or inactivation of plasma 
opsonic or humoral recognition factor (HRF) activity. 
The RES depression during operation was successfully 
eliminated by passive opsonin administration in the form 
of preinjection colloid opsonization. The potential de- 
pletion of opsonic protein by the entrance of damaged 
tissue or denatured protein in the circulation or the con- 
sumption of opsonin at the site of tissue injury may trig- 
ger this state of “hypo-opsonemia.” In addition, prelimi- 
nary findings suggest a role for the pituitary-adrena] 
axis in this response. Thus, host defense depression dur- 
ing and after operation due to a “humoral recognition 
deficiency” would present a precarious balance between 
resistance and the dissemination of blood-borne, poten- 
tially harmful, particulate matter. 
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= Clinical Comparison of the End-to-Side and Side-to-Side 


Portacaval Shunt: 


Ten Year Follow-up 


SHUNZABURO IWATSUKI, M.D.,* WILLIAM P. MIKKELSEN, M.D., 
ALLAN G. REDEKER, M.D., TELFER B. REYNOLDS, M.D., FRED L. TURRILL, M.D. 


-ETWEEN 1959 anp 1962, end-to-side (ES) or side- 
to-side (SS) portacaval shunt was performed in 

two groups of 40 patients each on the University of 
Southern California surgical service at the Los Ange- 
les County General Hospital. Preliminary results, to 
June 1965, were reported in 1966.16 At that time the 
results of the two operations seemed similar except for 
a three times greater incidence of severe hepatic en- 


_ cephalopathy after SS shunt. 


The advisability of portacaval shunting is being in- 
creasingly questioned because of disability from post- 
operative hepatic encephalopathy. In addition, there 
is still disagreement as to which type of shunt is pref- 
erable. Therefore, it was thought worthwhile to re- 
view and present the course of our patients for an ad- 
ditional six years, to June 1971. 


Clinical Material 


The details of patient selection, surgical procedure, 
time under anesthesia, blood replacement requirement 
and postoperative course are listed in our earlier pub- 
lication. In brief, the choice of shunt was not statis- 
tically randomized but rather was based on anatomic 
considerations at operation. The two groups of 40 pa- 


tients were comparable with regard to type of disease, 
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age, sex, preoperative liver function, duration of opera- ` 
tion and average blood replacement. Thirty-eight pa- 
tients in each group had alcoholic liver disease. 


Patients Lost to Follow-up Study 


As of June 1965, contact had been lost with nine pa- 
tients in the ES and five in the SS group. Since then 
we have been able to follow nearly all of the patients 
and have reestablished contact with some of those 
previously lost so that follow-up data are incomplete 
in only nine patients. Four were lost in the first 2 years, 
three in the fourth, one in the eighth and one in the 
tenth year. 


Deaths Since Operation 


Eighteen patients from each group were known to 
be dead in June 1965. As of June 1971, there have 
been 29 known deaths of ES patients and 30 among 
those with SS shunt. Survival is depicted in Figure 1 
and in Table 1 using the life table method as described 
by Cutler and Ederer.t The cause and timing of deaths 
are shown in Table 2. Hepatic failure has been the ma- 
jor cause of death with essentially the same frequency 
in both groups. Seven ES and five SS patients are 
known to be alive and all are in reasonably good health 
except for one SS shunt patient with mild recurring 
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Fic. ‘1. Cumulative survival (life-table method) after ES and SS 
a portacaval shunt. 


encephalopathy. All but one of these 12 patients 
deny resumption of alcohol intake and we have no rea- 
soñ to doubt them. The twelfth patient has just re- 
cently returned to intermittent drinking, 9 years after 
the shunt operation. A total of 21 ES and 19 SS pa- 
tients are known to have returned to heavy drinking 
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at some point after operation, often a number of years 
afterward. 


Gastrointestinal Bleeding 


There have been eight known episodes of gastroin- 
testinal bleeding since operation in the patients with 
ES shunt and ten in the patients with SS shunt. Bleed- 
ing was judged to be the major factor contributing 
to death of nine patients (Table 2). Since the previous 
report, one ES patient had fatal bleeding 78 months 
after operation with no recognizable source at autopsy 
other than persistent esophageal varices. Bleeding 
from a duodenal ulcer contributed to death from he- 
patic failure in another patient 7 years postoperatively. 
We recently discovered that a third patient died at 
another hospital 38 months after operation with mas- 
sive bleeding and no identifiable source at autopsy 
other than esophageal varices. All three patients had 
patent shunts. 

One additional bleeding episode has occurred in 
the group of patients with SS shunt. In this patient, 
moderate bleeding developed during protracted he- 
patic coma 72 months postoperatively. Small gastric 
erosions}were found at autopsy; the shunt was open. 


Postoperative Encephalopathy 


The method of classification of postoperative hepatic 
encephalopathy is described in detail in our previous 


TABLE 1. Survival after ES and SS Portacaval Shunt Using the Life-Table Method’ 
Cumulative Propor- Standard 
Alive at Lost to Follow- Effective tion Surviving from Error of 
Yearsafter Beginningof Died during up during Withdrawn Alive NumberExposed Shunt Thru End Survival 
E-S shunt Interval Interval Interval during Interva! to Risk of Dying of Interval Rate 
0-1 40 6 2 — 39 0.846 0.058 
1-2 32 5 i ~=- 31.5 0.712 0.073 
2—3 26 4 — _— 26 0.602 0.080 
3-4 22 4 — — 22 0.493 0.082 
4-5 18 3 — ~— 18 0.411 0.081 
5-6 15 1 — m= 15 0.383 0.080 
6-7 14 4 -— — 14 0.274 0.074 
7-8 10 1 — — 10 0.246 0.071 
8-9 9 — — — 9 0.246 0.071 
9-10 9 1 1 — 8.5 0.217 0.068 
10-11 7 _ — 4 5 0.217 0.068 
Years after 
S-S shunt 
0-1 40 7 — -— 40 0.825 0.. 060 
1-2 33 3 1 m 32.5 0.749 0.069 
2—3 29 6 — — 29 0.594 0.078 
3-4 23 4 3 — 21.5 0.483 0.081 
4—5 16 _— — — 16 0.483 0.081 
5-6 16 3 — — 16 0.393 0.081 
6-7 13 4 — — 13 0.272 0.075 
7-8 9 2 1 —- 8.5 0.208 0.070 
8-9 6 — — — 6 0.208 0.070 
9-10 6 — — 2 5 0.208 0.070 
10-11 4 1 1 3,5 0.149 0.071 
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TABLE 2. Causes and Timing of Deaths after ES and SS Portacaval Shuni 
Postoperative Years 
Causes of Death 1* 2 3 4 5 6 7 8 9 10 11 Total 
ES Group 
Hepatic failure 4 3 2 2 2 — 1 — a — 14 
GI bleeding 
ulcer Í 1 i 3 
varices 1 1 1 3 
Unrelated disease 1 ag 1 1 1 1 7 
Uncertain 1 i 2 
SS Group 
Hepatic failure 5 2 4 2 2 2 1 1 19 
GI bleeding 
ulcer 1 1 
varices 2 2 
Unrelated disease 1 2 2 5 
Uncertain 1 i 1 3 


* includes 8 “operative” deaths occurring within 2 months of operation. 


publication, Severe encephalopathy is defined as re- 
peated episodes of confusion or coma sufficient to in- 
terfere with the patient’s activities or to require hos- 
pitalization. Since 1965, two additional patients in 
each group have manifested encephalopathy and in 
one patient in each group it has been severe. The 
ages of the latter two patients were 59 and 63 years 
at the time of operation. Of 37 patients with ES shunt 
followed six months or more, four (11%) developed 
severe encephalopathy as compared to ten of 33 SS shunt 
patients (30%). All 14 of the patients with severe 
encephalopathy have died, in most instances from 
hepatic failure. Figure 2 shows the timing of onset of 
severe encephalopathy, the age at operation and the 
duration of life. Patients continued to develop this com- 
plication for the first time as late as 5 years postop- 
eratively. 


Miscellaneous Features 


Since our first report, none of the patients have 
developed ascites or clinical hypersplenism. Hepatic 
function tests have generally remained stable in pa: 
tients who did not return to alcoholism or develop con- 
current disease. 


Discussion 


Random allocation of our patients to SS or ES shunt 
would have been preferable from a statistical stand- 
point but was deemed impractical because of difficulty 
in constructing SS shunt in patients whose portal. vein 
and inferior vena cava were not close together. Though 
the allocation was not random, there was no apparent 
difference between the two groups preoperatively with 
regard to the usual parameters of age, sex, type of dis- 
ease and hepatic function test results. 

Since our previous article, there have been several 
publications comparing ES and SS shunt. Zuidema 


and Kirsh compared results in 31 patients receiving 
ES shunt and 42 receiving SS shunt.?? The choice of 
shunt’ was ‘based on anatomic factors. Surgical mortal- 
ity was 19% in each group. The incidence of post- 
shunt encephalopathy was 30% after SS shunt ‘and 
13% after ES shunt. Turcotte, Wallin and Child have 
summarized their portacaval shunt experience between 
1959 and 1967 which included 58 ES and.:44 SS opera- 
tions.18 Choice of shunt was based on several factors 
and: there was no attempt to accumulate comparable 
groups of patients. They concluded that there was 
little overall difference in the results of the two opera- 
tions except that operative mortality seemed less with 
SS shunt than with ES shunt in “poor risk” patients. 
There was a 27% incidence of severe recurrent en- 
cephalopathy in SS shunt survivors compared to a 
12.5% incidence after ES shunt. Panke, Rousselot and 
Burchell have described their extensive experience 
with both types of shunt in two publications.2" In 210 
ES shurits, usually performed because of variceal hem- 
orrhage, postoperative encephalopathy was noted in 
26% but was severe in only 8%. In 63 SS shunts, usu- 
ally performed for refractory ascites, there was a 16% 
incidence of severe encephalopathy; The 5-year sur- 
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Fic. 2. Timing of onset of severe hepatic encephalopathy and 
duration of life in 14 patients after ES and SS portačaval shunt. 
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vival curve was impressively better for those with SS 
shunt but the authors pointed out that the number of 
these patients followed for 5 years was still quite small 
at the time of the publication. Britton, Voorhees and 
Price reported a slightly higher incidence of enceph- 
alopathy after ES than SS shunt in a group of 324 pa- 
tients, three-quarters of whom had ES shunt.!® They 
pointed out that a longer period of follow-up in the 
ES patients might account for the greater incidence of 
encephalopathy since the complication was more fre- 
quent in patients followed for more than 5 years. Orloff 
also fourid a slightly greater frequency of encephalo- 
pathy in 25 patients having emergency ES shunt as 
compared to 15 patients receiving emergency SS shunt.!° 

Our two groups of SS and ES shunt patients seem 
more comparable at the time of operation than do 
those in the other reports cited above, with the prob- 
able exception of the patients of Zuidema and Kirsh.” 
Our findings are similar at 5-year and 10-year follow-up 
and show a substantially higher incidence of enceph- 
alopathy after SS’ shunt (33% vs. 11%). Using the chi 
squaré method of statistical comparison, there is a 5- 
10% possibility that this ‘observed difference could 
have occurred by chance (p< 0.10, > 0.05). Patients 
continued to develop the first manifestations of severe 
encephalopathy a as long as 5 years after the shunt. 

ÑS surprising that survival in our ES and SS shunt 
patients is nearly identical after 10 years since the 
greater incidence of recurring encephalopathy might be 
expected to increase mortality in the SS group. Overall, 
slightly less than half of our patients were alive 5 years 
and one-fifth were alive 10 years’ after operation. Five 
year survivals in other large shunt series vary from 20 
to 58%, probably reflecting differences in selection criteria 
for surgery.?71118.19.20 No mortality figures are available 
for entirely comparable: patients not undergoing shunt 
operation, Five year survival of patients with esophageal 
yarices who were followed as contro] subjects in, studies 
of prophylactic portacaval shunt were 512,5 64% and 
64%.° Tables constructed by Ratnoff and Patek,” Garceau 
and. colleagues® and Powell and Klatskin?? for patients 
with alcoholic liver disease show values ranging all the 
way from 5.5% to 89% for 5-year survival, depending on 
the number of complications present at the time of 
entry into the studies and whether or not alcohol in- 
gestion ceased, 

The reason for the apparently greater incidence of 
encephalopathy after SS shunt is conjectural. Portal 
flow is entirely into the veria cava in most patients 
after SS shunt! as it is after ES shunt. Hepatic venous 
flow is reduced more after SS shunt because ‘of back- 
flow of hepatic arterial blood through the hepatic limb 
of the portal véin to the vena cava.%14.17.21 Possibly this 
favors encephalopathy by reducing total Hepatic clear- 
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ance of whatever compound or compounds are re- 
sponsible for the central nervous system effects. 


Summary 


Two groups of 40 patients received end-to-side (ES) 
or side-to-side (SS) portacaval shunt for the treatment 
of portal hypertension between 1959 and 1962 and 
have been followed since that time. The choice of 
shunt was based.on anatomic factors found at operation. 
The groups were comparable in regard to age, sex, 
type of ‘disease, preoperative liver function and dura- 
tion of operation. 

Survival has been essentially equal in the two groups, 
with nearly 50% of the patients alive 5 years and 20% 
alive 10 years postoperatively. Severe hepatic en- 
cephalopathy developed in ten patients with SS and 
four with ES shurit. Encephalopathy appeared for the 
first time as long as 5 years after operation. All 14 pa- 
tients with severe encephalopathy have expired. In all 
other respects, the results’ of the two types of shunts 
seem similar. 
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Selection of Patients with Portal Hypertension for 


Splenorenal Shunt 


DAVID P. CAMPBELL, M.D., CONSTANTINE E. ANAGNOSTOPOULOS, M.D. 


T HERE IS STILL controversy in the literature concerning 
the type of portal-systemic shunt to perform in pa- 
tients with portal hypertension complicated by bleeding 
from esophageal varices.®%1116 Many reports show sat- 
isfactory results after portacaval shunting, but a small 
number of surgeons claim better results after spleno- 


renal ‘Shunting,®:°1? It is obvious that splenectomy and 
‘spléiiorenal anastomosis is indicated where there is 


an extrahepatic portal obstruction, but other ‘indica- 


‘tions for this procedure, which is usually more difficult 


to perform than portacaval anastomosis, have not been 
well defined. 

Seventy-six portal-systemic shunts were performed 
at Yale-New Haven Hospital between 1952 and 1965. 
An end-to-side portal vein to inferior vena cava shunt 
was made in most patients to decompress the portal 
system, but in approximately one quarter of ‘the total 
series -a splenorenal shunt was established. It is the 
purpose of. this paper to review these shunts, all per- 
formed more than 5 years ago, with specific refer- 
ence to the indications for splenectomy and splenorenal 
anastomosis, The patients who underwent splenorenal 
shunts will also be compared with those a who 
underwent portacaval anastomoses. 


Method 


All portal systemic shunts performed at the Yale- 
New Haven Hospital before 1965 were reviewed. This 
time interval was chosen to provide at least a 5-year 
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follow-up period on all patients. All shunts were per- 
formed because of portal hypertension complicated 
by bleeding from esophageal varices. Most were per- 
formed after control of the bleeding episode and sta- 
bilization of the patient. Preoperative splenoporto- 
grams were done on nearly all the patients, Follow-up 
data were obtained via the hospital clinics and, when 
necessary, through telephone or pota contact with 
the patient or his physician. 

Evaluation of the post-shunt patients T EN 1) 
period of survival; 2) presence or absence of variceal 
bleeding; 3) presence or. absence of ammonia: intoxi- 
cation; and 4) quality of survival. Ammonia intoxica- 
tion is defined as an abnormality of cerebral function 
associated. with an elevated blood ammonia concentra- 
tion. Excellent quality of survival is defined as survival 
with normal activity and without evidence of ammonia 
intoxication or upper gastrointestinal bleeding. 


Results 


In the period 1952-1965, 76 shunts were performed, 
of which 22 were splenorenal. Five-year follow-up data 
are available on all the splenorenal shunts. Three pa- 
tients with portacaval: shunts, however, have been lost 
to follow-up (Table 1). 

Patients with splenorenal shunts were divided into 
five groups according to the indication for the shunt 
( Table 2). 


Group I. Extrahepatic Portal Obstruction 


Splenectomy and a splenorenal shunt were performed 
in two children, ages 6 and 7, with extrahepatic portal 
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vein obstruction. Both patients are still alive, 7 and 15 
years later, with excellent quality of survival] (Table 
3). 


Group II. Intrahepatic Portal Obstruction with Hyper- 
splenism 

Seven patients with cirrhosis, portal hypertension 
and severe hypersplenism underwent a splenorenal 
shunt. Severe hypersplenism was arbitrarily defined 
as a white blood cell count below 3,000 mm’. and a 
platelet count below 50,000 mm*. There was no opera- 
tive mortality in this group. Five patients survived 5 
years, three having an excellent quality of survival. Post- 
shunt ammonia intoxication developed in two patients 
and in the same number there was a recurrence of bleed- 
- ing from the varices. One patient died 2 years after 
operation from complications of a perforated duodenal 
ulcer, A second patient died 2 years after operation 
from upper gastrointestinal bleeding of undetermined 
etiology. Five-year follow-up of the five survivors shows 
all with normal white blood cell and platelet counts. 


Group III. Intrahepatic Portal Obstruction with Tech- 
nical Problems Preventing Portacaval Shunt 


Splenorena]l shunts were performed in six patients 
for whom previously planned portacaval shunts could 
not be performed for various technical reasons. The 
problems encountered included acute cholecystitis, ad- 
hesions secondary to previous biliary tract surgery, 
varix of the portal vein and adhesions secondary to 
previous gastroduodenal surgery. There was one op- 
erative death. Post-shunt ammonia intoxication occurred 
in three patients and there was a recurrence of bleeding 
in one patient. Four patients survived 5 years, two having 
an excellent quality of survival. 


Group IV. Combined Intrahepatic and Extrahepatic 
Portal Obstruction 


Five patients with cirrhosis underwent splenorenal 
shunts after a thrombosed portal vein was found at 
operation or on preoperative splenoportography. There 
was one operative death. The shunt in this case was 


TABLE 3. 


SPLENORENAL SHUNT 71 


Tase 1. Portasystemic Shunts Yale-New Haven Hospital 
1952-1965 
Follow-up Data 
Type of Shunt Number Available 
Splenorenal 22 22 (100%) 
Portacaval 54 51 (94.5%) 
Total: 76 73 (96%) 
TABLE 2. Indications for Splenorenal Shuni 
Group [. Extrahepatic portal obstruction l 
Group II. Intrahepatic portal obstruction with hypersplenism 
Group HI. Intrahepatic portal obstruction with technical problems 
preventing portacaval shunt 
Group IV. Combined intra- and extrahepatic portal obstruction 
Group V. Portal hypertension with no demonstable obstruction 


clotted at post-mortem examination. Two patients sur- 
vived 5 years. Three patients experienced post-shunt 
ammonia intoxication and two bled again from varices. 
One patient died 4 years after operation with a bleeding 
duodenal ulcer. A second patient died 21 months after 
operation from gastrointestinal bleeding, secondary” to 
both varices and a duodenal ulcer. In only one patient 
was there an excellent quality of survival. 
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Group V. Portal Hypertension with N o Demonistra : 
ble Obstruction go ae 


Two patients, 10 and 22 years of age, bled from 
esophageal varices but had no demonstrable mechanical 
block on either splenoportography or liver biopsy. A 
splenectomy and splenorenal anastomosis were per- 
formed on the assumption that portal hypertension was 
secondary to increased portal flow, possibly on the basis 
of abnormal A-V shunting. One patient, a 10-year-old 
girl, had a repeat liver biopsy 4 years postoperatively 
which demonstrated a normal lobular pattern in all areas 
but considerable sinusoidal congestion and distention in 
the midzonal areas of about one-half the lobules. She 
is now 15 years postoperative. She has had three normal 
deliveries and has not bled again from the varices nor 
had any evidence of ammonia intoxication. 


Results of Portasystemtc Shints 


Cases Variceal Bleeding Excellent Qualit 
Shunt Number Operative Mortality NH, Intoxic. Per zent 5-year Survival of A a 

Splenorenal 

Group I 2 0 0 0 100 100 

Group II 7 0 28.5 28.5 71.4 42.8 

Group III 6 16.7 50 16.7 66.7 33.3 

Group IV 5 20 60 40 40 20 

Group V 2 0 0 50 100 100 
Portacaval 5i 22" 51 16 39 22 


* Based on 54 cases (three cases lost to follow-up). 
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TABLE 4. Portal Pressure Decrease after Shunt Procedure 


0-50 50-100 More than Not ` 
mm. H:O mm.H:O 100mm.H.O Recorded 
Shunt (%) (%) (%) (%) 
Splenorenal 30 25 33 12 
Portacaval 10 19 42 29 





The second patient, a 22-year-old man, required 
, transesophageal ligation of the varices prior to splen- 
ectomy and splenorenal anastomosis as it was impos- 
sible to control the bleeding with a Sengstaken-Blake- 
more tube. Following creation of the shunt he did 
well for 5 vears, but then rebled on several occasions 
and died 10 years after shunt operation. Post-mortem 
examination revealed a partially obstructing septum 
in the extrahepatic portion of the portal vein as well 
as partial thrombotic obstruction of many of the in- 
trahepatic branches. 


Portacaval Shunts 


Fifty-four patients with intrahepatic portal obstruc- 
tion “undérwent: portacaval shunts at Yale-New Haven 
Hospital fromi 1952 to 1965. Fifty. of this group had 
*egd-to-side shunts and four had side-to-side shunts. The 
operative mortality was 22%. Postoperative ammonia in- 
“.toxication occurred in 51% of the patients and actual 
hepatic coma in 20%. Sixteen per cent of the patients 
rebled from esophageal varices. Thirty-seven per cent 
of the total group (half of those who died) died from 
hepatic failure. 


Portal Pressure Studies 


Pre- and postoperative portal pressure studies were 
obtained on 86.4% of the splenorenal shunts and 70% 
of the portacaval shunts. The recorded decreases in 
portal pressure were greatest in the portacaval shunts 
(Table 4). 


Discussion 


If one compares the five categories of patients who 
underwent splenorenal shunts with the portacaval 
group (Table 3), it is obvious that more satisfactory 
results were obtained in all of the splenorenal cate- 
gories except Group IV (combined intrahepatic and 
extrahepatic portal obstruction ). 
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To further study the relative effectiveness of the two 
types of shunts, the combined splenorenal group was 
compared with the 54 portacaval shunts (Table 5). The 
two patients with extrahepatic obstruction (Group I) 
and the two patients without evidence of intra- or 
extrahepatic obstruction (Group V) have been excluded 
from the comparative analysis as they exhibited no in- 
trinsic hepatic disease—a major factor in postoperative 
morbidity and mortality. The splenorenal groups II, III, 
and IV thus total 18 shunts. 

The splenorenal shunt proved to be superior to the 
portacaval shunt as regards: 


1) operative mortality (11% vs. 22%) 

2) 5-year survival (61.1% vs. 39%) 

3) excellent’ quality of survival at 5- years (33.3% vs. 
2.2% ) | 

4) postoperative ammonia intoxication (44.4% vs. 51%) 

Ə) postoperative hepatic coma (5.5% vs. 20%) 


The splenorenal shunt was less effective than the por- 
tacaval shunt in reducing portal pressure (Table 4) 
and this was reflected in a higher incidence of post- 
operative variceal bleeding (27.8% vs. 16%). This has 
also been the experience of others, although Linton” 
and Hollenbeck® found no difference between the 
two shunts. Thrombosis of the splenorenal shunts un- 
doubtedly contributed to their higher incidence of post- 
shunt variceal bleeding. Autopsies were performed 
on six of the nine patients who died in the splenorenal . 
group. Two of the six shunts were thrombosed. 

Infants with portal vein thrombosis are best treated’ 
with a conservative non-operative approach.1 A meso- 
caval shunt has been recommended in the older child 
because of the supposed high incidence of rebleeding 
after splenorenal shunting.124 We have applied the 
splenorenal shunt in two children with no rebleeding 
over a period of many years. Therefore, if the splenic 
vein is 1 cm. or larger in diameter at the point of in- 
tended anastomosis, we recommend a splenorenal shunt 
rather than risk the complications which might follow 
ligation of the inferior vena cava as required with the 
mesocaval shunt. 

Patients with severe hypersplenism complicating 
portal hypertension show, we believe, a clear indica- 
tion for splenectomy and splenorenal anastomosis. Al- 
though in many instances hypersplenism will disappear 
following adequate decompression of the spleen via a 


TABLE 5. Results of Portasysiemic Shunts in Pctients With Cirrhosis 


Excellent Quality 


Cases NH, Hepatic coma . 
Shunt Number Operative Mortality Intoxication Per cent Variceal Bleeding 5-year Survival of Survival 
SR 18 11 44.4 5:5 27.8 61.1 33.3 
PC Si 22 51 20 16 39 22 
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portacaval shunt, in some cases the hypersplenism 
persists,7° or even worsens” and requires subsequent 
splenectomy. In anticipation of persistent hypersplen- 
ism, Mulder*® performs a splenectomy in conjunction 
with the creation of a portacaval shunt in patients with 
severe hypersplenism. This seems to be more complicated 
than splenectomy and splenorenal anastomosis. 

In the patient with cirrhosis who develops a throm- 
bosis of the portal vein, splenectomy and splenorenal 
anastomosis is the procedure of choice, A portacaval 
shunt after removal of the thrombus from the portal 
vein, has, in our experience, been followed by prompt 
recurrence of the thrombotic occlusion. 

Splenectomy and splenorenal shunting is also rec- 
ommended for that group of patients without dem- 
_onstrable portal block. Some years ago we encountered 
four such patients.2° At that time we believed the portal 
hypertension and variceal bleeding were secondary to 
increased portal flow as both the splenoportogram and 
liver biopsy studies in these patients were normal. Sub- 
sequent autopsies on two of these patients have demon- 
strated an intrahepatic block of the portal vein trib- 
utaries. This condition, now called hepatoportal scle- 
rosis'* is due to thickening and sclerosis of the portal 
vein branches within the liver. 

Thrombi in various stages of organization are often 
found in the veins. Decompression of the portal vein 
by an end-to-side portacaval anastomosis will, by cut- 
ting off the intrahepatic flow entirely, encourage the 
development or extension of thrombi in the intrahepatic 
‘portion of the portal vein. 

On the basis of our long-term follow up data, one 
might argue for the routine use of the splenorenal 
shunt in patients with portal hypertension as recom- 
mended by Linton.!! We have, in the past, been dis- 
couraged from this by the technical difficulties en- 
countered with removal of a large and highly vascular 
spleen and the uncertainty, even with a preoperative 
splenoportogram, of finding a splenic vein suitable for 
anastomosis. The higher incidence of post-shunt vari- 
ceal bleeding, as demonstrated in our series, has also 
been used as an argument against the splenorenal 
shunt. The most significant statistics to be considered, 
however, are those related to operative mortality, 5-year 
survival and quality of survival. 

Although our splenorenal group is a highly selected 
one, and not strictly comparable to the portacaval 
group, the results as regards operative mortality, 5- 
year survival and quality of survival are obviously su- 
perior. One must conclude that: 1) the splenorenal 
shunt provides very acceptable results in the selective 
classifications discussed above and 2) the splenorenal 
shunt appears to be a generally more satisfactory pro- 
cedure than the portacaval shunt in the patient with 
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portal hypertension complicated by bleeding esopha- 
geal varices. Before recommending the splenorenal 
shunt for routine use in patients with cirrhosis in pref- 
erence to the portacaval shunt, a randomized prospec- 
tive comparison should be carried out. 


Summary 


In the time interval 1952-1965, 76 portal-systemic 
shunts were performed at Yale-New Haven Hospital 
for portal hypertension complicated by bleeding 
esophageal varices. Twenty-two patients had splenec- 
tomy and splenorenal anastomoses and 54 had por- 
tacaval anastomoses performed. The indications for 
performing a splenorenal shunt were extrahepatic ob- 
struction, severe hypersplenism, technical problems 
preventing portacaval anastomosis, combined intra and 
extrahepatic portal obstruction and portal hypertension 
without demonstrable obstruction. 

Five-year follow-up data of the patients with cirrhosis 
who had splenorenal shunts performed were compared 


with those of patients with cirrhosis who had portacaval’ 
shunts performed. In terms of operative mortality, post. . 


operative ammonia intoxication, 5-year. survival and 


quality of survival, the results in the patients with splen- . 


“rT 


orenal shunts were superior to those in patiénts with- 


portacaval shunts. 


On the basis of these results and in view of other’ 


considerations concerning the preservation of intra- 
hepatic bloodflow, we believe the splenorenal shunt 
is the procedure of choice in the above groups of pa- 
tients when a suitable splenic vein is available for 
splenorenal anastomosis. 

Although all of our patients who have undergone 
splenorenal and portacaval shunts are not comparable, 
the superior results obtained with the splenorenal shunt 
suggests that it may be the procedure of choice in most 
patients requiring portal-systemic shunting. 
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Early Respiratory Insufficiency in Acute Pancreatitis 
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JOHN H. C. RANSON, B.M., B.CH., DANIEL F. ROSES, M.D., 


HE OCCURRENCE Of respiratory failure and thoracic 
T complications in patients with acute pancreatitis has 
been well documented on the basis of clinical and radio- 
graphic examination.?81619 Frequently described pul- 
monary signs and symptoms accompanying this disease 
include pleural effusion, atelectasis,. pneumonitis, ele- 
vated diaphragms, empyema and pulmonary infarction. 
The value of roentgen examination of the chest has been 
emphasized.!® However, experimental evidence has sug- 
gested that respiratory mechanics and gas exchange may 
undergo alterations in acute pancreatitis despite an ab- 
sence Of changes on physical or roentgen examination,*:” 
and recent reports have emphasized the necessity of 
arterial blood gas determinations in assessing: respiratory 
function.118 This study was undertaken to define the 
frequency and prognostic significance of early respiratory 
insufficiency in acute pancreatitis on the basis of arterial 
blood gas measurements. 


Materials and Methods 


Patient Population: Sixty-eight patients with a clin- 
ical diagnosis of acute pancreatitis were seen on the 
surgical service at New York University and Bellevue 
Hospital Medical Centers over a 12-month period ending 
March 31, 1972. This report is based on a study of 40 
of these patients in whom arterial blood gas determina- 
tions were carried out during spontaneous respiration 
on room air within 48 hours of admission or diag- 
nosis. 

The diagnosis rested on the clinical Sites hospital 
course and elevated serum amylase levels in all pa- 
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tients. It was confirmed at laparotomy or autopsy in 
12 patients. Arterial blood gas determinations were car-, 
ried out using freshly drawn heparinized blood which 
was obtained anaerobically. All the blood gas de- 
terminations were carried out prior to anesthesia or | 
operation except in two patients who developed post-" | 
operative pancreatitis. Chest X-rays were carried out 
on all patients during the first 48-hour period. - l 

Patient Population: There were 35 men and five 
women, The mean age was 42 years with a range of 20 
to 92 years. Pancreatitis was'associated with alcoholism 
in 33 patients and with biliary tract disease in four pa- 
tients. It developed postoperatively in two patients 
and was idiopathic in one patient, Twenty patients 
had known previous’ attacks of pancreatitis. Seven 
patients (17.5%) died. 

Treatment: consisted of nasogastric suction, intra- 
venous fluids and antibiotics in all cases. Most patients 
had indwelling urethral catheters to monitor urine out- 
put, and in many patients central venous pressures 
were monitored. Anticholinergics were not adminis- 
tered routinely. 


Results 
The mean initial recorded arterial pH was 7.46 + 0.08 


(standard deviation) and Pcos was 31.0 + 6.6 mm. Hg. 


The mean lowest arterial Pos recorded during the first 
48 hours was 71.2 + 124 mm. Hg. On chest X-ray, 
left pleural effusions were apparent in two patients and 
bi-basalar atelectasis was noted in one patient. In no 
other patients were effusions, infiltrates or atelectasis 
noted radiographically during this period, and in no 
patient was there clinical or radiographic evidence of 
pulmonary edema noted. The patients were divided into 
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TABLE 1. 
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Features of Patients in Group I, în Whom the Pag, below 


75 mm. Hg was Recorded and in Group II, in Whom the Pag, was 
above 75 mm. Hg in the First 48 Hours (+ standard deviation). 
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Group I Group II 
Pao, < 75 Pao, > 75 
mm. Hg mm. Hg 

Number of patients 23 17 
Mean Age (yr.) 42.8 + 12.3 42.54 8.4 
Per cent Mortality 17.4 17.8 
Per cent Undergoing Operation 34.8 17.8 
Mean 48- hour low Pao, (mm. Hg) 63.14 9.1 82.14 6.1 
Mean Initial Arterial pH | 7.48 40.08 7.434 0.07 
Mean Initial Pago, (mm. Hg) 30.2 + 7.2 32.64 5.7 
Mean 48-hour high serum amylase 

' (Somogyi Units) -1063 + 830 1336 + 1237 
Mean 48-hour low serum calcium 

(mg. /100, mil.) 8.94 1.4 9.341.8 
soa 48- hour intravenous fiuids 

(ml.) 9256 + 2123 9101 + 2111 
Number Alcoholic (%) 20 (87) 12 (71) 
Number Biliary (%) 2 (9) 3 (18) 
Number Postoperative (%) 1 (4) 1 (6) 
Numbér Idiopathic (%) — 1 (6) 
Number with known previous | 
- pancreatitis (%) 9 (39) 11 (65) 
Number with abnormal chest 
. X-ray in first 48 hours (%) 2 (9) 1 (6) 
Number with late pulmonary 

complication (%) 3 (18) 


8 (38) 


_ twe groups. Group One included those patients in whom 
a Paos below 75 mm. Hg was recorded within the first 
-48 hours, and Group Two included those patients in 
whom Pao was above 75 mm. Hg. Table 1 shows a 
comparison of these two groups. Two patients in Group 
One died within the first 4 hospital days. Respiratory 
failure was the immediate cause of death in one of these 
patients. The mortality rate and the mean age, highest 
serum amylase, lowest serum calcium and total ad- 
ministered intravenous fluid volumes during the first 
48-hour period were similar in the two groups. The in- 
cidence of operation was 34.8% in Group One, and 17.8% 
in Group Two. The incidence of late respiratory compli- 
cations was higher in Group One, and known previous 
episodes of pancreatitis were more common in patients 
in Group Two. The great majority of patients in this 
series had pancreatitis associated with alcoholism, but 
respiratory insufficiency was also seen in pancreatitis 
associated with other etiologies. | 

The patients were divided retrospectively into four 
groups on the basis of their overall clinical course as 
follows: 


Group A, mild attack, requiring not more than 4 days 
of nasogastric suction followed by uneventful re- 
covery. 

Group B, moderate attack, with slow resolution re- 
quiring more than 4 days of naso-gastric suction or 
followed by the development of a pseudocyst’ or 
small pancreatic abscess. 
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Group C, severe attack requiring at least 1 week in 
the intensive care unit. 

Group D, catastrophic attack, with rapid deteriora- 
tion and progressive abdominal distension and rig- 
idity. All patients in Group D underwent operation 
within 12 hours and pancreatic hemorrhage and 
apparent necrosis was encountered. 


Figure 1 documents the lowest arterial Po, recorded 
in these 40 patients during the first 48 hours relative 
to their overall clinical course. The distribution of the 
28 patients with acute pancreatitis seen during’ this 
time in whom arterial blood gas determinations on 
room air were not recorded is shown at the bottom of 
the figure. 

It is apparent that while there is a tendency for 
more seriously ill patients to have lower arterial Pos 
values in the early part of their disease, several pa- 
tients whose overall clinical course was not severe ex- 
hibited marked hypoxia during this period. Thé mean 
lowest arterial Po in the first 48 hours was 72.0 + 
10.7 (SD) mm. Hg in those who survived and 64.1 
+ 15.2 (SD) mm. Hg in those who died. 

Late Respiratory Complications: Two patients in 
Group One died within the first 4 hospital days, but 
eight of the remaining patients (38%) in Group One 
and three patients (18%) in Group Two developed 
late pulmonary infiltrates or pleural effusions during 
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Fic. 1. Lowest recorded Pao» in first 48 hours in patients whose 

overall clinical course was: A, mild; B, moderate; C, severe; D, 

catastrophic. Crossbars show mean (+ standard deviation ) for 

each group and for those who did: and did not survive. 

Etiology or Lorena is indicated as follows: @, alcoholic; O, 
biliary; W, postoperative and [], other. +. indicates death. 
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their hospital course. Four of these patients required 
tracheostomy and mechanical respiratory assistance 
for from 3 to 5 weeks. Three (27%) of these 11 pa- 
tients died. Respiratory failure was the immediate 
cause of death in one of these patients and a major 
contributing cause in the other two. However, all three 
patients also had severe intra-abdominal sepsis. l 

Four of the eight patients in Group One and two of 
the three patients in Group Two who developed late 
respiratory complications undérwent early operation, 
It is probable that respiratory failure may have been ex- 
acerbated by anesthesia and operation. However, both 
the patients in Group Two exhibited mild respiratory 
alkalosis prior to operation and pancreatic hemorrhage 
and necrosis were encountered at operation. 


Discussion 


In 58% of this group of patients with acute pan- 
creatitis, a mild to moderate degree of respiratory in- 
sufficiency was detected within the first 48 hours by ar- 
terial blood gas measurements. It was characterized by 
arterial hypoxia and a mild respiratory alkalosis, Dur- 
ing this period, clinical evidence of respiratory dis- 
tress was obvious in only two patients (5%), and 
radiographic evidence of effusion, atelectasis or infil- 
trate was noted in only three patients (7.5%). As 
shown in Figure 1, there was a tendency for early ar- 
terial hypoxia to be related to more severe pancreatitis, 
but low arterial Po, values were encountered in a 
number of patients who had clinically mild pancrea- 
titis. 

The occurrence of pulmonary complications and 
respiratory failure during the course of acute pan- 
creatitis has been well recognized, Enquist* has re- 
ported pleural effusion in 25%, atelectasis in 12%, pul- 
monary edema in 49% and bronchopneumonia in 20% 
of patients with acute pancreatitis found at autopsy. 

Abnormal physical findings on examination of the 
lungs have been reported in 30% of patients with acute 
pancreatitis? Radiographic abnormalities consisting of 
effusion, atelectasis or infiltrates are reported in 14.2 
to 15% of cases®!° and this figure rises to 45, to 617.91? 
if elevation of the diaphragms is included. Eleven (28%) 
of the patients in this series had effusion, atelectasis or 
infiltrates evident on chest X-ray at some time during 
their hospital course. 

Gliedman* has reported that respiratory failure ap- 
peared to be the major cause of death in 21% and 
contributed to a further 39% of deaths from acute pan- 
creatitis. In the present series of patients, respiratory 
failure was the immediate cause of death in two (29%) 
and contributed directly to a further two (29%) of the 
seven deaths. 

Pathogenesis: Respiratory insufficiency occurring in 
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acute pancreatitis has been attributed to retroperitoneal 
edema, elevation of the diaphragms and abdominal dis- 
tension, pain and guarding”?! The occurrence of 
pleural effusions®:*®1® may cause additional impairment 
of ventilatory méchanics. Further, the intravenous in- 
fusion of large volumes of fluid, as were administered 
in these patients, has been implicated in the pathogenesis 
of pulmonary insufficiency." In rio patient in this group 
was there clinical or radiographic evidence of fiuid over- 
load and, as shown in Table 1, it was not possible to 
relate the occurrence of early arterial hypoxia to the 
volume of fluids administered. Bolooki® has demonstrated 
changes in respiratory mechanics and gas exchange fol- 
lowing the induction of experimental acute pancreatitis. 
In 1946 Schiepatti and Verriengo® showed pleural re- 
action following the intravenous injection of pancreatic 
enzymes. Zieve? has measured elevated serum levels 
of lecithinase in patients with acute pancreatitis and the 
infusion of lecithinase into experimental animals has 
been shown to be associated with altered pulmonary 
surface properties}? The high incidence of arterial 
hypoxia in early acute pancreatitis when compared with 
that in the population of a general surgical service’® 
and the fact that arterial hypoxia could not be correlated 
with abdominal signs or fluid therapy may be related 
to the proposed role of circulating pancreatic enzymes , 
in the respiratory failure seen in these patients. oe 

The pulmonary findings reported at autopsy by“ 
Gliedman? in patients dying with respiratory failure 
in acute pancreatitis. were heavy lungs with pulmo- 
nary capillary congestion and diffuse microscopic areas 
of atelectasis. These findings were constant and un- 
related to the degree or type of pancreatic disease. 
Other reported autopsy findings include pleural ef- 
fusion, bronchopneumonia and pulmonary emboli.*1° 

Prognostic Significance: Previous reports have indi- 
cated that the occurrerice of pulmonary complications 
is associated with a poor prognosis.®®? In the present 
group of patients, three of the 11 patients (27%) who 
developed clinically or radiographically apparent pul- 
monary complications died. Further, it can be seen 
from Figure 1 that there was a tendency for the oc- 
currence of early arterial hypoxia to be associated with 
more severe disease. However, in the individual pa- 
tient, early arterial. hypoxia was of little prognostic 
significance as to the course of the pancreatitis and 
the overall mortalities in Group I and Group II were 
equal. — i 

Clinical Implications and Management: The frequent 
occurrence of marked early arterial hypoxia in patients 
with acute pancreatitis which may appear to be mild 
and in the absence of clinically apparent respiratory 
distress, indicate that arterial blood gas values should 
be measured in every patient with acute pancreatitis 
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during the ity part of their disease. Often these pa- 
tients are alcoholic and the occurrence of agitation and 
restlessness secondary to cerebral. hypoxia may be at- 
tributed to delirium tremens. Sedation of such a. patient 
may easily be lethal. The insidious nature of respiratory 
failure in these patients is unfortunately demonstrated 
by one patient in this series (H.R.). He was a 32-year- 
old chronic alcoholic admitted . with epigastric pain, 
nausea, and vomiting. He had moderate epigastric 
tenderness and guarding. The respiratory rate was 28 
per minute, but there weré no other positive findings on 
physical examination of the chest or on routine chest 
X-ray. The serum amylase was 300 Somogyi Units % and 
Calcium 10.4 mg/100ml. His admission arterial blood 
gas values were pH, 7.63, Poz 83 mam. Hg and Pcos 19 
mm. Hg during spontaneous respiration on room air. 
Over the next 24 hours, he was managed by nasogastric 
suction, the administration of 3,500 cc. of intravenous 
fluid, and antibiotics. There was a marked improvement 
in his pain and a decrease in the abdominal tenderness 
and guarding. Twenty four hours after admission, arterial 
pH was 7.40, Pog 60 mm. Hg and Pco, 20 mm. Hg on. 
room air. Administration of oxygen (6 liters per minute) 
by face mask raised arterial. Pos to 83 mm. Hg. Chest 
_ X-ray and physical examination of the chest remained 
unremarkable. During the second 24 hours, his general 


clinical improvement continued, but at 48 hours from . 


admission; Paos on room air had fallen to 57 mm: Hg. 


Four hours later, the patient became agitated and ` 


restless and shortly thereafter, cardiac arrest occurred 
and resuscitation was unsuccessful. Autopsy revealed 
acute pancreatitis with 950 ce. of ascitic fluid. There 
were small bilateral pleural effusions. The lungs were 


heavy and congested with areas of atelectasis and in-- 


farction.. By the usual clinical criteria and at autopsy, 
this, patient had rather mild acute pancreatitis. He ap- 
peared to be responding well to treatment and only the 
arterial blood gas measurements indicated the severity 
of his rapidly progressive acute respiratory insuffici- 
ency. 

In the great majority of cases in this series, respira- 
tory treatment has consisted only of the administration 
of oxygen by face mask or nasal catheter, close ob- 
servation and respiratory physiotherapy. In most in- 
stances improvement in respiratory status was seen by 
the third to fifth hospital day. Tracheostomy and long- 
term mechanical veritilatory Support was required in 
four patients. Two patients in this series have been 
managed by the adininistration of salt poor albumen 
and diuretics as described by Skillman’? and advo- 
cated by Zuidema.*4 In both patients, a reversal of 
progressive respiratory deterioration was seen‘ follow- 
ing institution of this therapy. 

These observations indicate that respiratory insuf- 
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ficiency is a frequent early feature of acute pancrea- 
titis. Factors which may be implicated in its pathogene- 
sis include impaired ventilatory mechanics secondary 
to abdominal pain and distension or pleural effusion, 
circulating pancreatic. enzymes, and the infusion of . 
large volumes of intravenous fluids. Clinical or radio- 
graphic evidence of pulmonary complications during 
this phase of the disease is infrequent and in most pa- 
tients, the diagnosis is apparent only by. arterial blood 
gas measurements. We believe that a number of early 
deaths in acute pancreatitis are related to undetected 
respiratory failure and that arterial blood - gas meas- 
urements have an essential role in the early manage- 
ment of every patient with acute pancreatitis, no mat- 
ter how mild the attack may appear clinically. In 
most patients, close observation with serial arterial 
blood gas measurements, oxygen therapy, respiratory 
physiotherapy and management of the underlying pan- 
creatitis is the only necessary treatment... Administra- 
tion of albumen and diuretics may be helpful, espe- 
cially in patients requiring large volumes of intravenous 
fluid. In a -few patients progressive respiratory de- 
terioration necessitates tracheostomy and . mechanical 
ventilatory support. 

The occurrence of early respiratory insufficiency 
has no definite prognostic significance as to the course 
of the pancreatitis, However, the occurrerice of con- 
tinued or late pulmonary complications appeared to 
be related to the course of the underlying pancreatitis, 


Summary 


The incidence and prognostic significance. of early 
respiratory insufficiency has been examined on the 
basis of arterial blood gas measurements within the 
first 48 hours after diagnosis in 40 p with acute 
paricreatitis. 

Arterial Pos fell beluw 75 mm. Hg in 23 patients 
(58%). Ii. this group, mean low arterial Po, was 
63. 1 mm. ‘Hg, mean arterial pH was. 7.48 and Pco: 30.2 
mm. Hg, In only three patients was there clinical or 
radiographic evidence of pulmonary complications at 
this time. There was a tendency for the degree of early 
hypoxia to be related to the severity of the pancrea- 
titis, but marked hypoxia occurred in some patients 
with mild pancreatitis. Early hypoxia did not cor- 
relaté with serum amylase, serum.calcium, volume of 
intravenous fluids administered. or overall mortality. 
Eventual operation (34. 8%) and late pulmonary com- 
plications (38%) were more frequent after. early hy- 
poxia. The late course of respiratory insufficiency ap- 
pears related to that of the undeilying pancreatitis. 

Early respiratory failure occurs frequently in acute 
pancreatitis. It is diagnosed accurately only by arterial 
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blood gas measurements and may be lethal if unrec- ` 


ognized. 


is 


10. 
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Lesions of the Subclavian Artery: 


Survey of 31 Cases with Emphasis on Steal Syndromes 


MARTIN H. MCMULLAN, M.D.,* JAMES D. HARDY, M.D., F.A.C.S.** 


T SUBCLAVIAN ARTERY IS of special interest for sev- 
eral reasons. First, this artery supplies both muscular 
and neurologic areas. Secondly, it arises differently 
on the two sides. Thirdly, it is relatively inaccessible 
and requires a more sophisticated approach than do most 
peripheral arteries. This report presents a survey of 31 
- patients in whom arterial lesions presented a wide range 
-‘af,clinical findings (Table 1). 

wD Tt is useful to divide into four principal categories 
the pathologic entities which involved the subclavian 
arteries: 


(1) Congenital anomalies 

(2) Traumatic lesions 

(3) Ischemia due to musculoskeletal disorders 
(4) Atherosclerotic occlusive disease 


Congenital Anomalies 


The congenital anomalies included vascular ring, 
congenital atresia with subclavian steal, and congenital 
arterio-venous malformation. Congenital abnormalities 
of the aortic arch and its major branches may result in 
the formation of vascular rings around the trachea or 
esophagus with varying degrees of compression. The 
more common anomalies include double aortic arch, 
and anomalous innominate, left carotid or right sub- 
clavian artery. 


Case Reports 


Case 1. Anomalous Right Subclavian Artery. A 4-month-old 
baby was first seen by his local physician for pneumonitis and 
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respiratory stridor at 1 month of age. With persistence of symptoms 
a barium swallow X-ray revealed posterior esophageal constric- 
tion. Three days following admission to the University Hospital 
he became hypoxic from tracheal compression and sustained 
cardiac arrest. Resuscitation was successful and he was operated 
upon immediately through a left thoracotomy incision. An anom- 
alous right subclavian artery was exposed, arising from the de- 
scending aorta and passing posterior to the esophagus (Fig. 1). 

The vessel was divided, recovery was uneventful, and a right 
radial pulse was palpable postoperatively. 


Case 2. Anomalous Right Subclavian Artery with Atherosclerotic 
Aneurysm. A 64-year-old woman, on routine chest X-ray, had a 
right superior mediastinal mass posterior to the trachea. Investi- 
gation at another hospital included mediastinoscopy and identifi- 
cation of a pulsatile mass in the right superior mediastinum. She 
was referred to the University Hospital where an arch aortogram 
using the Seldinger technic revealed an aneurysm of the right sub- 
clavian artery, which apparently originated separately from the 
arch of the aorta. A median sternotomy incision was utilized with 
extension into the right third intercostal space. However, initially’ 
the artery feeding the aneurysm could not be identified. After 
considerable deliberation and dissection it was apparent that the 
large atherosclerotic aneurysm which filled the upper portion of 
the right hemithorax actually represented an anomalous right sub- ` 
clavian artery which arose in the left hemithorax from the thoracic 
aorta distal to the left subclavian artery (Fig. 2). The vessel 
passed posterior to the esophagus. The only safe course, achieved 
with considerable care, was to place clamps across the subclavian 
artery on either side of the aneurysm, then excise the lesion and 
oversew the ends. A vein bypass from the ascending aorta to the 
right subclavian artery in the neck was considered, but was omitted 
because of the fever which had developed following the first op- 
eration at the other hospital, reflecting possible bacterial growth . 
in or around the large aneurysm. 

The immediate postoperative course was uneventful, but pro- 
gressive respiratory difficulty necessitated a tracheostomy. There- 
after she had repeated episodes of abrupt cessation of respiration 
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. without warning: one minute she would be talking with her 

family and the next moment she would be cyanotic and semi-co- 

matose. The neurologic consultant suggested a highly localized 

brain lesion which affected the respiratory center. She gradually 

improved in this respect, but died suddenly 2 months postopera- 

. tively from a dissecting aneurysm of the thoracic aorta which 
‘ruptured into the pericardium. 


Case 3. Congenital Subclavian Atresia with Steal Syndrome. An 
unusual case of congenital atresia of the subclavian artery with 
steal syndrome was discovered in a 15-year-old Indian female who 
had a 2-year history of pain in the right forearm, constant numb- 
-ness of the right hand, and occasional unexplained syncopal epi- 
sodes, On physical examination the blood pressure in the right 
arm was unobtainable while in the left it was 105/60 mm. Hg. 
An aortic arch arteriogram was performed which revealed proxi- 
mal obstruction of the right subclavian with retrograde filling of 
the: vertebral artery. At operation the offending lesion was found 
to be congenital atresia of the proximal subclavian artery. A vein 
graft bypass from the right common carotid to the right subclavian 
established a good pulse in the right arm with complete relief of 
symptoms (Fig. 3). 


Case 4. Congenital Arteriovenous Malformation. A 46-year-old 
woman had noted a life-long history of intermittent swelling and 
cyanosis of the right hand. A retrograde arch aortogram revealed 
an arteriovenous malformation involving the right subclavian and 
axillary artery with aneurysmal dilatation. All things considered, 
it was concluded that operative intervention was contraindicated, 
since the abnormality was so extensive that the arm might be 
jeopardized. 


Traumatic Lesions 


The three traumatic lesions encountered were false 
aneurysm, arterio-venous fistula and penetrating wound 
with loss of arterial substance. 


Case 5. False Aneurysm (“Pulsating Hematoma”). A 17-year- 
old male was stabbed in the left supraclavicular area. The left 
hemopneumothorax was treated successfully with closed thora- 
cotomy tube drainage, but 14 months later he presented with 
a typical lateral medullary syndrome which included staggering 
gait, ptosis of the left eyelid, left facial numbness and dysphagia. 
In addition, a 3 cm. pulsatile mass with an associated bruit was 
present just superior to the middle third of the clavicle, An 
arteriogram revealed a false aneurysm of the subclavian artery 
distal to the origin of the vertebral artery. By means of a left 
supraclavicular approach the aneurysm was resected and an end- 





TABLE 1 
Congenital anomalies 3 
Anomalous right subclavian (2) 
Atresia with steal (1) 
AV malformation (1) 
Traumatic lesions 6 


False aneurysm (1) 
Arteriovenous fistula (1) 
Penetrating wound (4) 


Musculoskeletal disorders 9 
Scalenus anticus syndrome 
Cervical rib syndrome 
Atherosclerotic occlusive disease 13 
Without steal (6) 
With steal (7) 
31 
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Fic. 1. Aberrant right subclavian artery causing esophageal and 
tracheal compression in an infant. 


to-end anastomosis was performed (Fig. 4). The Jateral medullary 
syndrome had apparently been caused by thrombus or embolus 
to the left vertebral or to the posterior, inferior cerebellar artery— 
though the mechanism was not clear. In any event, the neurologic 
symptoms gradually regressed. 


Case 6. Traumatic Arteriovenous Fistula. A 34-year-old woman 
was stabbed in the left supraclavicular region 15 years prior to- 
admission. Ten years prior to admission she had noted a gradually. 
enlarging mass in the left neck and experienced heart failure @iiy- 
ing pregnancy. She was admitted to the University Hospital with 
progressive dyspnea and orthopnea (Fig. 5). At operation she was 
found to have an arterio-venous communication between the left 
subclavian artery and the left innominate vein, with a false 
aneurysm of the subclavian artery. While under anesthesia she 
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Fic. 2 Atherosclerotic aneurysm of anomalous right subclavian 
artery in 64-year-old woman. 
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Fic. 3, Atretic right subclavian artery in 15-year-old girl with 
subclavian steal syndrome. 


went into pulmonary edema with extreme tachycardia, and thus 
a quadruple ligation with excision of the internal jugular vein 
‘aneurysm and the subclavian artery aneurysm was rapidly car- 
` ried out. Ideally, it would have been preferred to maintain vascu- 
-lar“continuity, but this did not seem wise at the time. She sub- 


ANEURYSM OF LEFT SUBCLAVIAN ARTERY 
(3rd Portion) 
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Fic, 4. Traumatic false aneurysm of left subclavian artery. Ele- 
ments of the brachial plexus must be retracted gently to avoid post- 
operative pain and disability in the arm. 
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sequently had some coolness in the left arm but recovery was 
otherwise uneventful. She has since been asymptomatic. 


Gunshot and other penetrating wounds with or with- 
out loss of arterial substance are common in our hospitals, 
and the general policy is to restore continuity of all 
significant arteries by primary anastomosis, or by vein 
or prosthetic graft. 


Ischemia Due to Musculoskeletal Disorders 


The musculoskeletal disorders are divided into the 
scalenus anticus syndrome, the cervical rib syndrome 
and the hyperabduction syndromes due to compression 
by the pectoralis tendon, the first rib and other un- 
common disorders. It is important to exclude nerve 
root compression, diaphragmatic reflex irritation, myo- 
cardial ischemia and various other causes of the shoul- 
der-arm-hand syndrome. 

Nine patients in our series had either the scalenus 
anticus or the cervical rib syndrome. Two subjects were 
believed to suffer from a combination of scalenus 
anticus and cervical rib pathology, and concomitantly 
underwent both a scalenotomy and cervical rib resec- 
tion. All patients have remained asymptomatic, which 
attests our rather conservative approach to the diagnosis 
of and operation for scalenus anticus and cervical rib 
syndromes. However, the objective improvement in one 
patient was not optimal, and in this case we probably 
should have removed the right first rib, in addition to 
division of the right scalenus anticus muscle which was 
performed. Of course, many patients who at first appear 
to have thoracic outlet compression syndromes actually 
suffer from entirely different pathologic conditions. 


Atherosclerotic Occlusive Disease 


Proximal atherosclerotic occlusive lesions of the sub- 
clavian artery are conveniently divided into those with 
and without the subclavian steal syndrome. The symp- 
tomatology produced by an obstructing lesion in the ` 
proximal subclavian artery without steal includes par- 
esthesias, weakness, claudication, coolness, and even 
cyanosis and necrosis in the involved extremity. -The 
methods of surgical correction here are essentially 
identical to those utilized in the management of steal 
syndromes, the most common methods being endarte- 
rectomy with patch graft™* or bypass graft. These meth- 
ods will be discussed later. 

Four patients with atherosclerotic occlusive disease 
distal to the origin of the vertebral artery were treated. 
These patients of course did not exhibit a subclavian 
steal syndrome. There were also two patients suffering. 
from arteriosclerosis obliterans. eS 


The Subclavian Steal Syndrome 
In the subclavian steal syndrome due to proximal 
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TABLE 2. Subclavian Steal Syndrome 





Causes: 





Atherosclerosis 
Atresia l 
Blalock-Taussig op. 
Pressure from tumor 
Embolus 
Endarteritis 
Trauma 

Aneurysm 
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occlusion of the subclavian artery, the extremity symp- 
toms ate essentially the same as symptoms encountered 
in occlusion without steal. It is the central nervous sys- 
tem symptomatology which makes the syndrome unique. 


- The retrograde flow.in the vertebral artery lowers the 


pressure in the Circle of Willis, and the symptoms are 
essentially those of basilar artery insufficiency with 
variable degrees of syncope, headache, vertigo, blur- 
red vision, and tinnitus. A wide range of causes respon- 
sible for the subclavian steal syndrome are listed in 
Table 2. 

The diagnosis is suspected on the basis of the history 
and physical findings. It is usually confirmed by serial 
dortic arch aortography demonstrating the obstructing 
lesion, with retrograde flow in the ipsilateral vertebral 
artery.. However, this method is at times unsuccessful. 
If the diagnosis is strongly suspected, one may perform 
additional arteriography including contralateral brachial 
arteriograms using pressure injection. Dye will be 
forced in a retrograde _ manner into the contralateral 
vertebral. The appearance of dye in the proximal % of 
the ipsilateral vertebral (diseased side) or, of course, 
in the subclavian artery distal to its obstruction proxi- 
mally implies retrograde flow arid a subclavian steal. 

‘At this writing seven patients with the subclavian 
steal syndrome have been operated upon for correction 
at the University Hospital since the syndrome was de- 
scribed -by Contorni in 1960. One case, as previously 
described under congenital lesions, occurred in a 15- 
year-old female. The six other cases occurred in adults, 
four females and two malés, with a mean age of 54.7 
years. All were apparently due to atherosclerosis, al- 
though one woman had had a diagnosis of systemic 
lupus erythematosus 4 yeats prior to operation: All 
were Caucasian and all lesions occurred on the left 
side. The most common symptoms included ‘vertigo, 
tinnitus, syticope, dimming of vision, and weakness in 
the involved extremity. All exhibited arm, blood pressure 
differences’ which ranged from 20 mm. Hg to 120 mm. 


_Hg. The diagnosis of subclavian steal with retrograde 
filling of the vertebral artery on the irivolved side was 


made by arch aortography in each instance with the 
exception of one. The following is a report of that case. 
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ANEURYSMAL DILATATION 
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LEFT 
INNOMINATE V. 


“A FISTULA BETWEEN LEFT 
INNOMINATE V. 
AND LEFT SUBCLAVIAN A. 
Fic. 5. Traumatic arterio-venous fistula involving left subclavian 
artery and left internal jugular vein and producing heart failure: 


Case 7. Subclavian Steal Syndrome. A 60-year-old white male 
was seen at the University Hospital with a 7-year history of in- 
termittent episodes of dimmed vision, vertigo, and tinnitus which 
recently had become more progressive and more pronounced . 
with exercise. Physical examination revealed a blood pressure in 
the right arm of 160/90 and 110/90 mm. Hg in the left. A bruit 

was present over the left supraclavicular area and the right com- 
mon carotid. Weak femoral pulses were present bilaterally but 
there were no pulses below. Initial laboratory data, including blood 
glucose and cholesterol levels, were normal. 

An arch aortogram suggested proximal occlusion of the left 
subclavian and occlusion of the right vertebral, but, revealed no 
retrograde flow in the left. A left retrograde brachial arteriogram - 
showed stenosis of the left subclavian artery, an unusually large. 
left vertebral, and a relatively small left axillary artery. There was 
the suggestion of asymmetrical cerebral circulation but no dem- 
onstration of actual retrograde flow could be made. However, 
with the classical history and physical findings, it was postulated 
that with arm exercise a reversal of flow in the left vertebral artery 
did occur, stealing from the basilar-carotid system. Therefore, an 
aortic to left subclavian bypass was performed utilizing a 10 mm. 
Dacron graft. Pressure obtained manometrically in the left verte- 
bral prior to bypass was 90 ram. Hg and after bypass 125 mm. Hg. 
Postoperatively, the cuff blood pressure in the right arm was 
140/70 and 120/70 in the left. On the fourth postoperative day 
he was noted to.have a Horners syndrome which proved to be 
transient, probably a reflection of trauma to the ansa subclavii. 
Otherwise, his course was uneventful and at this writing, 2 years 
postoperatively, he has had no recurrence of the neurologic symp- 
toms. 


For surgical management of the subdlavian steal 
syndrome we have employed three different technics. 
The first and most physiologic is endarterectomy, with 
a vein or fabric patch graft, if indicated. In none of 
the seven patients in this series was the lesion amen- 
able to this approach, but colleagues have used it 
successfully, The second approach consists of an aorto- 
subclavian bypass. Five patients underwent this pro- 
cedure, primarily because the obstructing lesion could 
not be reached through a supraclavicular approach 
or because the obstruction was believed to be too ex- 
tensive for correction utilizing endarterectomy. This 
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procedure eee good flow in the vertebral artery 
and the subclavian artery distally, but it requires thora- 
cotomy which can be appropiate in the poor risk 
patient. 

The last and now preferred eens employed is a 
= common carotid to subclavian artery shunt, using either 

a vein or fabric graft. The advantage of this technic is 
the ready accessability of these vessels without thora- 
cotomy.. The disadvantages are. the possible siphoning 
of. blood from a perhaps already diseased and -athero- 
sclerotic cerebrovascular system, and it involves some 
risk to a common carotid artery. The major reason for 
employing this procedure is that it can be done under 
minimal anesthesia in a poor risk patient. This method 
was utilized in two patients, one being the young girl 
with atresia of the subclavian artery in whom 
cerebral vasculature was presumed. to be normal, 
variant of this shunt procedure is that of closing c 
subclavian artery as far proximally as possible, and then 
anastomosing the distal end of the subclavian artery to 
_the side of. the carotid artery.’* The vertebral artery 
itself can. be anastomosed to.the carotid artery.” 

The postoperative complications encountered in 
utilizing these procedures have included a transient 
: Horner's syndrome in two patients, doubtless due to 


Ls ‘trauma to the ansa subclavii, and aorto- subclavian graft 


_ thrombosis in two patients. which was treated success- 

‘fully by thrombectomy under local anesthesia for ex- 
posure of the subclavian end of the graft. In still 
another patient infection appeared | following insertion 
of a Dacron left carotid-subclavian artery bypass, 
produced secondary hemorrhage, and was successfully 
removed. 

Discussioni 

The congenital anomalies of the subclavian artery 
which occur represent anomalies in development of 
the fourth aortic arch. Some of these anomalies result in 
vascular rings with tracheal and/or ésophageal com- 
pression. In addition to a right subclavian artery arising 
from the descending aorta, commonly encountered 
vascular rings to hé considered are double aortic arch, 
right aortic arch with left ligamentum arteriosum, 
anomolous distal origin of the innominate artery 
and anomalous left pulmonary artery.1! The anomalous 
right. subclavian artery, arising from the descending 
aorta and passing posterior to the esophagus, although 
usually asymptomatic, may at times be life threatening 
dnd an acute erhergency may arise due either to esopha- 
geal compression and subsequént aspiration or to tra- 
cheal compression. In this instance prompt surgical 
interruption of the compressing structure is mandatory. 
Fortunately most children havé recurrent bouts of 
dysphagia, cough, stridor, wheezing, pneumonitis or 
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atelectasis, and the diagnosis is made electively by 
barium swallow X-ray. | 

Reports of aneurysms: of this anomalous vessel are 
exceedingly rare, according to Hunter et al.,8 who have 
found only five in the literature including three of their 
own, Diagnosis of this lesion can be made preopera- 
tively if one obtains a barium swallow X-ray showing 
anterior displacement of the esophagus and an arch 
aortogram in both the frontal and lateral projections 
which reveals that the subclavian artery is located pos- 
terior to the aortic arch. In ‘our case the frontal arch 
aortogram gave the impression of. a right. subclavian 
aneurysm in the right upper hemithorax but revealed 
no clue as to the anomalous origin, resulting in con- 
fusion and delay at operation. It has been recommended 
by Hunter that the most advantageous. approach to this ~ 
lesion is through the-bed of the left fourth rib, utilizing 
a balloon catheter for control of bleeding arising from 
the distal right subclaviari artery. We were able to 
place vascular clamps proximal and distal. to the 
aneurysm in our-patient. Restoration of vascular con- 


_tinuity using a fabric or vein graft is preferable to 


simple excision, though the proximal end of the graft 
may be anastomosed to the arch of the aorta instead af 
to the stump of subclavian artery. 

In separate reviews of the literature in 1968, T 
has and associates!? and Love? identified a total of 13 
cases of. congenital subclavian steal, including their 
contribitions: However, in each of these cases there 
was present either an associated right aortic arch (10 
cases) and/or: coarctation of the dorta (4 cases). Of 
the 13 cases reported, most were symptomatic but not 
sufficiently so to justify operation. Apparently ours is 
the first case reported with isolated congenital atresia. 
of the subclavian artery resulting in the steal syndrome. 
This patient showed symptoms of coolness, numbness, 
and pain in the right arm with occasional unexplained 
syncopal episodes, With angiographic evidence of the 
subclavian steal and rather pronounced historical data 
an operative approach was elected. Furthermore, since 
she had an apparently normal cerebrovascular tree, 
a _carotid-to-subclavian vein bypass was employed: ', 
When recently seen in the surgical clinic, she was noted 
to have developed moderate aneurysmal dilatation of 
the vein graft. However, she remains asymptomatic 
and is being, observed to ‘determine if surgical inter- 
vention will become necessary, because of further en- 
largement of the vein graft. | 

. Trauma to the subclavian artery can present a wehen 
lenging problem in surgical approach, whether there 
be direct penetration, interruption, AV fistula formation 
or false aneurysm. The basic principles of proximal and 
distal control, with restoration of fow by direct repair 
by grafting, remain the basis of successful manage- 
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ment, and each case must be analyzed separately. 
Generally, we prefer the supraclavicular incision, if 
suitable, with the chest prepared in the event it be- 
comes necessary to extend the incision arid split the 
sternum. One should not hesitate to divide the clavicle 
if indicated, It can usually be repaired satisfactorily 
but, even if not, sacrifice of clavicular length does not 
produce significant disability in the adult. 

Musculoskeletal disorders or neurovascular compres- 
sion at the superior thoracic aperture may be divided 
into four major categories depending upon the point of 
compression: (1) scalenus anticus syndrome, (2) cer- 
vical rib syndrome, (3) costoclavicular syndrome and 
(4) hyperabduction Bec Gaara We have encountered 
examples of 1 and 2 and have found scalenotomy or 
cervical rib resection or combinations of the two pro- 
cedures to be effective where indicated. To our knowl- 
edge, all of these patients remain asvmptomatic. We 
realize there are those?®18 who recommend first rib 
resection almost routinely for these syndromes,.and we 
too believe that this must be done in some patients to 
achieve complete relief of symptoms. However, in the 
absence of arteriographic evidence of first rib com- 
‘pression, scalenotomy and resection of the cervical rib 
if present should prove sufficient in most patients. 

Since Contorni? in 1960 described the first case of 
retrograde vertebral flow supplying a proximally oc- 
cluded subclavian aitery, more than 200 cases of sub- 
clavian steal!3 due to various causes have been reportéd. 
The fact that not all proximally occluded subclavian 
arteries show reversed vertebral artery flow is un- 
doubtedly explained by the rich collateral flow through 
channels ‘such as the occipital artery, the thyrocervical 
trunk and the costocervical trunk.!4 However, the verte- 
_ bral artery remains the most essential and certainly the 
most unique of the collateral routes. 

Hemodynamically, Reivich et al!" showed that a 
reduction in subclavian pressure by only 10% of sys- 
temic arterial pressure will reverse flow. in the vertebral 
artery. Samartino and Toole! demonstrated that a 
50% reduction in the lumen of the subclavian artery 
is necessary to produce the critical 10% gradient 
whereby flow is reversed in the vertebral artery. In four 
of our cases significant stenotic or obstructive lesions were 
present without evidence of steal. Apparently the two 
factors explaining this phenomenon were the selective 
use of other sufficient collaterals or steriosis that did not 
exceed 50%. 

Although a number of diagnostic studies have been 
proposed, Piccone and LeVeen,™ in their excellent col- 
lective review of the subclavian steal, state that “these 
clinical and laboratory tests are complementary but not 
essential, and cannot displace the need for angiography. 
The certain diagnosis of a subclavian steal syndrome 
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can be obtained only from an arch aortogram with 
sequential roentgenogiams.” Therefore, in the presence 
of asymmetrical pulses of the upper. extremity com- 
bined with upper extremity symptoms and signs of 
decreased blood flow or symptoms of basilar insuffi- 
ciency, arch aortography becomes mandatory. 

Upon confirmation of the diagnosis , of subclavian 
stedl syndrome it then becomes necessary to determine 
if surgical intervention is indicated. In all seven patients 
reported here significant central neryous system or 
extremity symptoms were present, making the decision 
for operation a relatively easy one. In the case of the 
asymptomatic patient with steal or in the patient with a 
fixed neurologic deficit the decision favoring operation 
becomes much more difficult—since the natural course 
of the disease has not been delineated and since mor- 
bidity, mortality, and long-term results have not been 
investigated sufficiently in the short 10-year period 
since its discovery. At this writing we reserve opera- 
tion for any patient with extremity or central nervous 
system symptoms, and we do not operate on the 
asymptomatic patient or the patient with a fixed neuro- 
logic deficit. Simple ligation of the vertebral. artery 
through which the “steal” is occurring is not recom- 
mended because, first, the resulting thrombosis might ; 
extend to involve the. basilar artery and, second, thes.. 
blood flow to the arm is not thus improved. A 

In those situations, especially on the right side; 
where the origin of the subclavian is not as dificult 
to expose as on the left, an endarterectomy and patch 
graft carries less morbidity and is more physiologic. 
On the left side this may be more difficult and thora- 
cotomy will usually be necessary for adequate exposure 
to permit safe proximal and distal control. 

The most commonly used but not necessarily the 
most preferable procedure in our series was the aorto- 
subclavian fabric bypass. We have used this technic 
in patients who were considered to be good operative 
risks but in whom disease was too extensive for simple 
endarterectomy with or without patch graft, or in whom 
central nervous system ee disease militated 
against clamping or other manipulation of the com- 
mon carotid artery. ' 

Obviously, due to the ready accessibility of the 
vessels, the cdrotid-subclavian bypass is an attractive 
procedure. However, considerable controversy has arisen 
over the use of this method because of the theoretical 
siphoning of blood from the carotid system. Ritten- 
house and Barner’ produced the subclavian steal ex; 
perimentally and then bypassed the lesion with a vein 
graft from the common carotid to the subclavian artery. 
There was no appreciable decrease in flow in the distal 
carotid until exercise of the extremity was undertaken. 
It was then possible to measure a significant decrease in 
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flow in the distal carotid. Studies by Dumanian* found 


decreased flow in the distal carotid under similar ex- 
perimental circumstances, which was accentuated with 
papaverine injection into the distal subclavian. On, the 
other hand Ehrenfeld;> in the experimental animal 
utilizing a cross-over iliac graft with unilateral proximal 
occlusion and an ipsilateral distal arterio-venous fistula, 
found that flow.in a vessel proximally occluded ‘and 
siipplied entirely by the graft could be increased 10 
fold without.changing flow in the opposite distal vessel. 
Similar studies were -obtained in a patient with sub- 
clavian steal who underwent common carotid-subclavian 
vein bypass. Proximal! carotid flow increased from a con- 
trol of 600 ml. per minute to 850 ml. /min. after bypass 
with no change in distal carotid flow and a graft flow of 
250 ml./min. 

Although our indications for aoii by- 
pass have been in the very young with presumably 
normal cerebral circulation, or in the poor risk patient 
in whom a supraclavicular endarterectomy was not 
possible due to extensive disease, Piccone and LeVeen"! 
have emphasized the excellent clinical results of this 
procedure, citing the reduced morbidity. and mortality. 
Barner has suggested i its use for left sided lesions where 
the noridominant atm would not be so likely to siphon 
blodd from the cerebral circulation due to less exercise. 
It remains unanswered in the relatively short period of 
its use as to what effects this bypass procedure. will 
have on the cerebral circulation with long-term follow- 
up. 

Summary 

Thirty-one cases of lesions involying the subclavian 
artery are reviewed. Four principal categories consisting 
of ‘congenital. anomialies, traumatic lesions, musculo- 
skeletal disorders, and atherosclerotic disease arë ex- 
plored. Their symptom complexes and surgical therapy 
are discussed. Anomalous vessels were divided, trau- 
matic lesions were usually corrected by direct surgical 
attack, generally without use of á graft, and the mus- 
skeletal abnormalities were handled by division of the 
scalenus anticus muscle: or excision of a cervical rib 
when preserit. It is acknowledged that occasionally the 
first rib must also be excised for complete relief of 
neuro-vascular compression, Atherosclerotic occlusive 
disease was variously treated. with endarterectomy, fabric 
grafts, or. vein grafts. Subclavian steal syndromes have 
been emphasized. Although aorto-subclavian bypass was 
most often employed to correct atherosclerotic occlusive 
disease of the proximal subclavian artery, the carotid- 
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subclavidn bypass was used in the more recent cases 
and is now preferred. 
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Physiological Hemodilution: 


Interrelationships Between Hemodynamics and 


Blood Volume After Acute Blood Loss 


JOSEPH S. CAREY, M.D., 
With the technical assistance of: 


HERBERT WILLIAMSON, CLARENCE MOORE, HERBERT LUNDBERG, 
LEON TURNER, B.S., M.S., CALVIN SCOTT, B.S., ELLIOT SACKS 


eer ree HOMEOSTASIS is temporarily main- 
tained after hemorrhage by hemodilutional volume 


: expansion. This process is physiologically advantageous 


N 


because volume restoration is coupled with the hemo- 
dynamic advantages of hemodilution. Previous studies 
have shown that a decrease in hematocrit is accom- 
panied by a rise in venous return, shifting blood to the 
central circulation and increasing the ratio of central 
blood volume to total blood volume.? In the presence 
of hypovolemia, these changes normalize cardiac output 
and systemic blood flow.® 

The hemodynamic correlates of endogeneous trans- 
capillary refilling (physiological hemodilution) after 
hemorrhage have not been clearly defined by previous 
studies. Control of the blood volume is apparently 
related, however, to some component of systemic or 


‘regional hemodynamics. Skillman and associates!" 


identified activation of the renin-angiotensin system 
and a rise in aldosterone secretion rate after moderate 
hemorrhage in anesthetized dogs and conscious man. 
Hemodynamic changes were inconsistent except for a 
slight decrease in venous pressure. In the absence of con- 
sistent systemic hemodynamic alterations, it seemed 
likely that regional hemodynamic changes, or varia- 
tions in venous pressure, might serve as volume-regula- 
tory feedback mechanisms. 
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Hemodilution itself is likely to play a role in volitne 
regulation by influencing regional hemodynamics. The 
present studies were designed to study the hemodynamic 
correlates of volume expansion during the develop- 
ment of physiological hemodilution after hemorrhage 
in the intact (unanesthetized non-splenectomized ) 
dog. Previous studies revealed that hemodilution does 
not occur during the first few hours after hemorrhage in 
dogs anesthetized with pentobarbital.2 Because of the 
possibility that interference with autonomic reflexes 
by anesthesia might play a role in this response,!? the 
present experiments were performed under both un- 
anesthetized and anesthetized conditions. 


Methods 


Anesthesia was induced by intravenous administra- 
tion of sodium thiamylal (6 mg./Kg.) and sodium 
pentobarbital (30 mg./kg.). Polyethylene catheters 
were placed in the right atrium through the external 
jugular vein, and into the abdominal acrta through the 
femoral artery. Spontaneous ventilation was permitted 
through an endotracheal tube. Anesthesia was supple- 
mented by administration of small doses of sodium 
pentobarbital (3 mg./Kg.) during the control period 
and for 5 hours after hemorrhage. 

Cardiac output was measured by indicator-dilution 
technic using indocyanine green as the indicator, Fem- 
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oral arterial and right atrial pressures were recorded 
by transducers on a photographic recorder. Blood vol- 
ume was measured by dilution of 13I labelled albumin, 
_using a semi-automated blood.volume computer. Hema- 
tocrit was determined from central venous blood. Ar- 
terial and venous blood samples were withdrawn for 
determination of pH, Pco, and Pos. Plasma protein 
concentration was measured by the biuret method. 


Serum lactate was. determined by the enzymatic tech-. 


nic using kits supplied by Calbiochem Laboratories 
(Los Angeles, California). Whole blood viscosity was 
measured with a Brookfield cone-plate viscometer. 

Control measurements were performed at 10-minute 
intervals during a 20-minute contro] period. The animals 
were then bled (20 ml./Kg.) over a 10-minute period. 
Cardiac output, intravascular pressures and blood gases 
were repeated 15 minutes after bleeding. Thirty minutes 
after bleeding, blood volume; total protein, and serum 
lactate were recorded in addition to hemodynamic 
variables. All measurements were repeated at hourly 
intervals for the next 4 hours. The animals were then 
allowed to recover. Twenty-four hours after bleeding, 
the animals were again anesthetized and all measure- 
ments -were repeated. The withdrawn blood, exclusive 
.. of sampling volume, was then reinfused. 

' After an interval of 1 to 3 months, the animals were 
again lightly anesthetized with pentobarbital. Poly- 
ethylene catheters were placed into the right atrium 
through the external jugular vein, and into the carotid 
artery. The catheters were brought out subcutaneously 
in the back of the neck. Twenty-four hours later, when 
they had completely recovered from anesthesia, the 
animals were lightly restrained in a comfortable semi- 
recumbent position on a specially constructed table. 
An experimental procedure identical to that described 
was performed. 

Cardiac output and mean transit time were calculated 
from the Stewart-Hamilton formula using off-line com- 
puter analysis. Additional hemodynamic variables were 
calculated from standard formulas by the same computer 
program, utilizing appropriate input variables. Base 
excess was calculated from the Siggard-Andersen no- 
mogram. Oxygen saturation was determined from the 
Pos, after correction for pH and temperature, and 
oxygen content was calculated from the oxygen satura- 
tion, hemoglobin (estimated from hematocrit) and Pos. 
Oxygen consumption was estimated by multiplying car- 
diac output by the arteriovenous oxygen content differ- 
ence. Plasma volume and red cell volume were calculated 
from the total blood volume and hematocrit. The accu- 
racy of these technics and calculations has been de- 
scribed in detail in previous reports from our labora- 
tory. ~ 

Statistical analysis was performed by calculating 


Ann. Surg. + July 1973 


mean values for the results obtained in each group 
of experiments, and applying the t-test to each variable 
as it compared to the mean of the three control measure- 
ments. 

Sampling volumes were carefully measured so that 
total blood loss could be calculated for each sampling 
period. Thus “estimated” and “measured” total blood 
volume were known, while estimated and measured 
plasma and red cell volume were determined from the 
hematocrit. 


Results 


The experimental procedure was divided into a con- 
trol period and three phases after the onset of hemor- 
rhage: Phase 1, including the 10-minute bleeding period 
and the subsequent 30 minutes; Phase 2, including 
the subsequent 4 hours; and Phase 3, the subsequent 
19 hours. T 

Blood Volumes (Table 1, Fig. 1). At the end of Phase 
l, a total of 27 ml./Kg. of blood had been removed. The 
measured decrease in total blood volume averaged 17 
ml./Kg. in both unanesthetized and anesthetized studies 
indicating that 10 ml./Kg. of plasma and red cells had 
entered the circulation during this period. The rise 
in plasma volume which occurred during .Phase 1 in 
unanesthetized studies averaged 10.8 ml./Kg./hr. With 
anesthesia, plasma volume rose at a rate of 7.2 ml./Kg./ 
hr. A greater increment of red cells entered the circula- 
tion with anesthesia (5.1 ml./Kg.) than when the 
animals were awake (3.4 ml./Kg.). 

During Phase 2, plasma volume rose at a rate of 2.4 
ml./Kg./hr. without anesthesia, and additional red cells 
entered the circulation. With anesthesia, plasma volume 
increased 1.8 ml./Kg./hr. during this period and a slightly 
greater number of red cells entered the circulation. 
The plasma volume refilling rates under unanesthetized 
and anesthetized conditions for each experiment are 
listed in Table 2. Six of the nine animals showed more 
rapid refilling in awake studies, but the group changes 
were not statistically significant. 

Twenty-four hours after hemorrhage, plasma volume 
returned to control values in anesthetized studies, and 
was slightly above control in awake studies. Measured 
red cell volume approached estimated volumes at the 
end of Phase 3, indicating that autotransfused red 
cells had left the circulation. Mean plasma volume 
refilling rates during Phase 3 were 0.4 ml./Kg./hr. in 
unanesthetized studies and 0.5 ml./Kg./hr. in anesthe- 
tized studies. 

Little change in hematocrit occurred in anesthetized 
animals during Phase 1 and Phase 2. Without anesthesia 
hematocrit decreased moderately (39 to 34%) during 
this period. Twenty-four hours after bleeding, hemato- 
crit averaged 28% in both groups. Changes in whole 
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Fic. 1. Blood volume, hematocrit and whole blood viscosity after 
hemorrhage. Each line represents mean of nine experiments. 
Circled points: p < 0.05 as compared to control. Phase 1: from 
onset of bleeding to end of Ist hour; phase 2: 1 to 5 hours; phase 
3, 5 to 24 hours. 


blood viscosity (measured at a sheer rate of 23 inverse 
seconds) correlated well with changes in hematocrit. 

Plasma Protein (Table 1). Plasma protein concentra- 
tion was reduced at the end of Phase 1 in both un- 
anesthetized and anesthetized studies. However, a net 
gain of protein occurred in both groups during this 
period. As plasma volume refilling proceedéd during 
Phase 2, plasma protein concentration continued to 
decrease, more so in awake animals. Protein gain con- 
tinued, however; at the end of Phase 2, total plasma 
protein had risen 11.3 Gm. above estimated loss in 
unanesthetized studies and 8.2 Gm. in anesthetized 
studies. 

Twenty-four hours after bleeding, plasma protein 
concentration and total plasma protein remained de- 
creased. During the first 24 hours after hemorrhage, 
however, a large amount of new protein entered the 
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circulation: 22 Gm. in awake studies and 17 Gm. in 
anesthetized animals. 

Hemodynamics (Table 3, Fig. 2-4). Cardiac output 
(Fig. 2) decreased to approximately the same extent 
after bleeding with or without anesthesia. During Phase - 
2, cardiac output was slightly higher in unanesthetized 
animals, but it remained decreased in both groups. 
Central blood volume remained decreased for the first 
5 hours after hemorrhage in both groups. Stroke vol- 
ume was higher and heart rate lower in unanesthetized 
studies during the control period. After bleeding, heart 
rate increased slightly, and stroke volume decreased 
markedly, in both groups. 

Mean systemic arterial pressure was lower initially, 
and decreased more after bleeding without anesthesia 
(Fig. 3). Systemic resistance was also initially lower, 
and increased only slightly after bleeding in unanes- 
thetized animals. With anesthesia, mean systemic arte- 
rial pressure decreased slightly, while systemic vascular 
resistance increased markedly and remained elevated 
during the first few hours after hemorrhage. Right 
atrial pressure did not change after bleeding with anes- 
thesia, but decreased consistently in unanesthetized 
studies, remaining low during Phase 2. 

Base excess decreased and serum lactate increased 
transiently after hemorrhage in both groups (Fig. 4). 
These changes were slightly more prolonged with 
anesthesia. Oxygen consumption showed a slight rise 
after bleeding in awake studies, but was decreased 
with anesthesia. At the end of Phase 2, oxygen con- 
sumption was moderately decreased in both groups. 

Twenty-four hours after hemorrhage, hemodynamic 
variables had returned to control levels in unanesthe- 
tized animals. The only significant differences were a 
slight decrease in systemic arterial pressure and sys- 
temic vascular resistance. Mild hemodynamic changes 
were observed in the anesthetized group at 24 hours: 
tachycardia, increased systemic vascular resistance, re- 
duced cardiac output, and decreased central blood vol- 
ume. 


TABLE 2. Plasma Volume Refilling Rates 


Dog Number Phase I Phase 2 Phase 3 
U A U A U A 
0702 15.0 4.5 3:5 4.8 0.6 —0.3 
0704 9.0 1.5 3.0 0.5 1.4 1:2 
0708 15.0 13.5 2.0 0.2 0.8 0.0 
0710 4.5 4.5 2.5 0.5 0.3 0.9 
0711 4.5 16.5 3.8 1.8 0.5 0.2 
0712 9.0 6.0 2.8 0.8 0.4 0.7 
0714 12.0 7.5 2.0 1.8 0.0 0.9 
0715 18.0 10.5 0.0 2.0 0.2 0.3 
0716 9.0 11.0 3.2 I3 —0.1 1.0 


All values expressed in ml./Kg./hr. 
U — Unanesthetized 
A — Anesthetized 
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Discussion 


Skillman and associates found that plasma renin 
activity increased immediately after a 15% hemorrhage 
in human volunteers!® followed by a more gradual rise 
in aldosterone secretion rate. Aldosterone secretion de- 
creased when tranéscapillary refill was accomplished. 
Cardiac output and stroke volume decrease slightly 
after hemorrhage,. but systemic vascular resistance’ rose 
in only two of seven subjects. Central -venous pressure 
decreased slightly but consistently. They suggested 
that the venous pressure response may play a role in 
the regulation of plasma volume refilling by serving 
as a volume-regulatory feedback mechanism when re- 
filling was complete. | | | 

Winn and Lister,!8 studying splenectomized dogs, 
found that- plasma volume expansion was delayed by 
removal of the kidney and inhibited completely by 
nephrectomy and adrenalectomy combined. These find- 
ings were reversed by the administration of angioten- 
sin. Marks and associates!’ also found that adrenalectomy 
inhibited plasma volume refilling in splenectomized - 
dogs. It is thus apparent that the kidneys and 
adrenals, through the renin-aldosterone mechanism, 
play a central role in the regulation of plasma volume. 

Cope and Litwin® showed that. thoracic duct flow 
increased transiently after hemorrhage in splenectomized - 
dogs. Plasma protein concentration decreased immedi- 
ately after hemorrhage. This dilution was complete 
within 90 minutes. This rapid refilling phase was fol- 
lowed by a more gradual re-expansion characterized 
primarily by restoration of plasma protein. These 
authors believed that the observed changes in thoracic 
duct lymph flow contributed significantly to plasma 
volume refilling, but other investigators have found that 
thoracic duct lymph flow decreases after hemorrhage.? 

Skillman and associates!® indicated that the restora- 
tion of albumin after hemorrhage comes primarily from 
a rise in albumin synthesis associated with a decrease 
in albumin catabolism, and secondarily from extra- 
vascular albumin reserves. Contributions from the tho- 
racic duct were not needed to explain the restoration of 
plasma protein in their studies, Plasma protein was 
diluted after hemorrhage but a mean net.gain plasma 
albumin occurred during the early post-hernorrhage 
period. These investigators also found that an early 
rapid phase volume re-expansion was followed by a 
slower more gradual phase. They believed, however, 
that the Starling phenomenon of altered capillary hydro- 
static pressure was sufficient to account for transcapil- 
lary refilling during both phases. 

The data of this study again reveal the phasic nature 
of plasma volume re-expanision after hemorrhage. The 
refilling rates observed during the immediate post- 
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hemorrhagic period are far more rapid than those 
_ previously reported. McNeil and associates"! reported 
refilling rates of approximately 3.5 ml/Kg./hr. in 
anesthetized, splenectomized dogs: In the present study, 
refilling rates were 4.5 ml./Kg. /min. or higher in all but 
one experiment during Phase 1 (Table 2). These rapid 
refilling rates are not surprising in view of the nature 
of fluid exchange across the transcapillary membrane. 
As pointed out by Moore,” the resting transfer rates for 
water and salt across the capillary walls are extremely 
rapid, such that each minute the body capillaries 
exchange amounts of water and salt grossly in excess 
of those found in the entire plasma volume. In this 
dynamic setting the introduction of a stimulus such as 
acute hemorrhage is likely to produce a very rapid 
expansion of plasma based on the Starling mechanism 
alone. 

Twenty-four hours after hemorrhage, the most signif- 
icant change was a reduction in hematocrit and whole 
blood viscosity. Total blood volume was still 15% be- 
low control, but the resulting hemodilution caused a 
shift of blood to the central circulation, increasing central 
blood volume, right atrial pressure, and cardiac output. 
These changes are identical to those previously observed 
during acute normovolemic hemodilution induced by 
infusion of saline or dextran.’ The blood volume may be 
considered as a dynamic variable which is set to main- 
tain optimal hemodynamics. With hemodilution, a new 
equilibrium is established as a result of increased venous 
return. The central blood volume is fully restored, and 
systemic blood flow returns to normal. In this setting, 
the volume regulatory feedback function may be served 
by regional hemodynamic changes within the kidney. 
Restoration of normal renal blood flow would presum- 
ably inhibit the secretion of renin, angiotensin and 
aldosterone. 

An important tole of neuroregulation in volume con- 
trol seems unlikely in view of the slight differences be- 
tween volume expansion rates with or without anesthesia. 
The absence of a drop in venous pressure, and a lesser 
decrease in arterial pressure in anesthetized animals 
suggests that these responses, which are presumably 
neurogenic, are not critica] factors in volume regulation. 
The importance of netroregulation would be better 
evaluated by total pharmacologic autonomic blockade 
before bleeding; however, the present studies were in- 
tended to shed light on the effects of a commonly 
used anesthetic. 

These studies clearly reveal the importance of hemo- 
dilution in. the response to hemorrhage, and lend 
physiological support to the concept of therapeutic hemo- 
dilution, in which blood volume is supported by the 
infusion of colloid and crystalloid solutions after hem- 
orrhage in man. 
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Summary 


The interrelationships between blood volume and 
hemodynamics after hemorrhage were investigated in 
the intact dog by observing cardiovascular responses 
during the first 24 hours after blood loss. Nine dogs 
were bled (35.ml./kg.) on two separate occasions; 1) 
in the unanesthetized state’ and 2) during barbiturate 
anesthesia. In. unanesthetized studies, plasma volume 
re-expansion, averaged 10.8 mil: Kg. during the first 
hour after bleeding, 2.4 ml./Kg./hr. during the next 4 
hours, and 0.4 ml./Kg./hr. thereafter. Autotransfu- 
sion of red cells occurred during the first 5 hours after 
bleeding; hematocrit showed little change during this 
time, but was decreased 24 hours after bleeding. “Total 
blood volume increased during the first. 90 minutes after 
bleeding, then remained constant during the remainder 
of the 24-hour study period. Beyond the first 90 minutes, 
therefore, hemodilution occurred’in an isovolemic man- 
ner, by exchange of autotransfused red cells for endog- 
enous plasma. The hemodynamic state was closely 


94 
related to changes in hematocrit and whole blood vis- 
cosity. Cardiac output, stroke volume, central blood vol- 
ume and other hemodynainic variables were restored to 
normal values 24 hours after bleeding by virtue of 
physiological hemodilution, although total Degen volume 
remained 15% below control levels. 

‘ Anesthesia’ did not significantly reduce the rate of 
plasma’ volume expansion. In spite of marked hemo- 
dynamic changes. induced by pentobarbital (including 
the elimination of a'decrease in venous pressure) the 
relationship. of hemodynamic variables to blood volume 
remained essentially the same: blood flow was ap- 
parently more dependent on the level of hemodilution 
than on the degree of yolume expansion. 3 
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Cerebral Metabolism and Blood Flow after Circulatory Arrest 


T HE USE OF induced hypothermia as an adjunct to 
surgery has been of considerable interest to surgeons 
for many years. Bigelow,‘ Lewis,!8 and Swan?! re- 
ported both experimental and some clinical experience 
with hypothermic technics in their early cardiac surgi- 
cal work in the 1950's. The clinical employment of body 
cooling during operation, however, has generally been 
confined to levels of only moderate hypothermia. 
Mohri, et al.,*?? and more recently Barratt-Boyes! have 
reported the use of deep hypothermia with body 
temperature lowered to 18 to 20° C during the surgi- 
cal treatment of severe cardiac anomalies in infants. 
They have induced marked body cooling in these pa- 
tients in order to safely accomplish complete circula- 
tory arrest for periods of up to 1 hour. 

The technic of body cooling and circulatory arrest 
described by Mohri differs significantly from other 
methods of inducing deep hypothermia in that no 
extracorporeal circuitry or pump is employed. Mohri’s 
method of hypothermic surgery, used both experimen- 
tally and clinically,’ involves the exclusive use of sur- 
face cooling and a combination of deep ether anesthesia 
and relative hyperventilation. As a result of the hy- 
perventilation, very marked respiratory alkalosis de- 
velops at deep hypothermic levels and the previously 
common problem of ventricular irritability, seen as the 
body temperature falls below 25 C, is rarely encoun- 
tered. 

The clinical usefulness of this hypothermic technic 
seems to be limited not by the effects of the circula- 
tory arrest on the heart, but by the neurologic damage 
which results from the prolonged circulatory arrest 
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even at deep hypothermic levels. Mohri feels that the 
development of a high-stepping gait after circulatory 
arrest is a reliable indicator of neurologic damage in 
these animals. The appearance of a gait disturbatice | 
or some more serious neurologic deficits after hypo- 
thermia and arrest has enabled Mohri to define a safe 
time period of circulatory arrest in dogs undergoing 
deep hypothermia.??.78 

In the present study, we have attempted to evalu- 
ate the effects of hypothermia and circulatory arrest 
on cerebral blood flow and the cerebral oxygen me- 
tabolism using Mohri’s technic of hypothermia and 
confining the length of the circulatory arrest to what 
Mohri has described as a safe period. Several reports 
describe the effects of moderate hypothermia on cerebral 
metabolism?!” and a study by Edmunds describes the 
changes in cerebral metabolism after profound hypo- 
thermia and circulatory arrest using extracorporeal cir- 
cuitry.® This paper describes the first reported attempt to 
study the changes in cerebral metabolism using this par- 
ticular technic of induced hypothermia and circulatory 
arrest which does not involve extracorporeal circulation. 


Methods 


Ten mongrel dogs of both sexes weighing 10 to 15 
Kg., with negative blood tests for filariasis, were used 
in this study. Atropine, 0.02 mg./Kg., was administered 
intramuscularly 30 minutes prior to induction of an- 
esthesia, which was accomplished using sodium thi- 
amylal (Surital) in a dosage of 30 mg./Kg. After in- 
sertion of a cuffed endotracheal tube, the animal was 
placed on a piston-type respirator, and respirations 
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were controlled at a rate of 20 cycles per minutes with 
an oxygen flow rate of 4-6 1/ min. The tidal volume 
~ was adjusted to maintain intratracheal pressure at 
10 to 14 mm. H0. After the normothermic cerebral 
metabolic measurements were made, ether was used 
for anesthetic maintainence until the animal’s body 
temperature reached 27 C. Below this temperature 
level, no anesthetic agent was given. The depth of 
anesthesia achieved with ether was sufficient to block 
any shivering by the animal, but was carefully main- 
tained to avoid any cardiovascular depression. During 
the rewarming phase, small increments of Surital were 
administered in some animals as required for anesthetic 
maintainence. Low molecular weight Dextran, 10 co. 
/Kg., was slowly administered intravenously during 
the cooling of the animal. 

After the induction of anesthesia, arterial and ven- 
ous catheters were inserted in the left femoral ves- 
sels and a silastic-coated stainless steel blood gas probe 
was inserted through a purse string suture into the 
right femoral artery. A 3 cm. diameter midline cranial 
defect was made and a similar blood gas probe was 
inserted into the sagittal sinus. A third stainless steel 
_ probe, this one coated with Teflon, was placed on the 
‘patasagittal cortical surface of the brain through a 3 
mim. incision in the dura mater about 1 em. lateral to 
‘the sagittal sinus. 

“The silastic coated cannulae were attached to a 
two-channel mass spectrometer* which, as described 
earlier, continuously analyzes specific blood gases in 
amounts directly proportional to the partial pressures 
of the substances in the blood. This apparatus, which 
has been used both in clinical and experimental stud- 
ies,*%10 contains a high pressure vacuum pump which 
draws blood or tissue gases into the machine through 
the steel cannulae. The silastic or Teflon membranes 
provide both a thromboresistant surface and act as dif- 
fusion membranes, with the silastic membrane allow- 
ing nearly instantaneous diffusion of gases from the 
blood into the cannula and limiting its use therefore 
to a flowing liquid or a gaseous medium. The Teflon 
membrane, on the other hand, achieves a diffusion lag 
time, thus providing sufficient time for the constant 
equilibration of tissue gases around the sampling tip 
of the cannula. After the blood or tissue gases have 
been drawn into the machine, the specific substances 
being measured are identified and quantitated ac- 
cording to their molecular weights by the technic of 
mass spectrography. 

The first mass spectrometer used in this study was 
constructed to measure Po», Pco», and Parcon. The 


* Medspect Model MMS-8, Scientific Research Corporation, 


Baltimore, Maryland. 
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spectrometer was connected to a two-channel recorder 
which provided a continuous quantitative tracing of 
the measured oxygen and argon levels in the femoral 
artery and sagittal sinus. In five of the animals in which - 
the Teflon cannula was placed on the surface of the 
cerebral cortex, a second mass spectrometer, calibrated 
for tissue measurement of Pos and Pcoo, was used 
for continuous monitoring of cortical oxygen and car- 
bon dioxide levels. 

After these preparations were made, the animal 
was given argon by inhalation at a flow rate of 1.5 
l/min with oxygen administration continuing. Using 
argon as the inert gas and obtaining saturation-desat- 
uration curves for argon by monitoring its concentra- 
tion in the femoral artery and sagittal sinus during and 
after argon administration, cerebral blood flow (CBF) 
could then be determined using a modification of the 
Kety-Schmidt formula, as described earlier. After 
determining the oxygen content of the arterial and 
sagittal sinus blood, the cerebral oxygen consumption 
(CMRO.) could then be calculated. These cerebral 
metabolic measurements were repeated in all of the 


animals at body temperatures of 20 to 18 C prior to 


circulatory arrest and again at 36 to 38 C following 
arrest and after rewarming. 

When the metabolic studies were completed at 20 
C, a right thoracotomy was performed through the 
fifth intercostal space and the superior and inferior 
vena cavae and azygos vein were occluded, the as- 
cending aorta was cross clamped and the respirator 
was stopped. Young’s solution* was injected into the 
aortic root in amounts sufficient to produce immediate 
cardiac arrest, usually 2 cc./Kg. After 45 minutes of 
complete circulatory arrest, the venous channels were 
opened, the lungs were reinflated, and the aortic cross 
clamp was released. Gentle cardiac massage was then 
performed, calcium chloride was administered intra- 
venously (300 to 500 mg.), and within 10 to 20 min- 
utes spontaneous heart action ensued. The animal was 
then placed in a warm water bath and the thora- 
cotomy closed. 7 

After rewarming was completed and the body tem- 
perature had returned to 36 C, argon administration 
was again begun and the CBF, O( A-V) and CMRO, 
were measured in the same manner as above. The en- 
tire experiment required 6 to 8 hours from the induc- 
tion of anesthesia to completion of the final argon study. 


Results 


The changes observed in the CMRO., O2(A-V), 
and CBF in the ten animals are summarized in Table 


* Young’s solution: 0.81 Gm. potassium citrate, 2.46 Gm. mag- 
nesium sulfate 0.001 Gm. neostigmine methyl sulfate, water q.s. 
to 100 cc., pH adjusted to 7.4 with sodium bicarbonate. 
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TABLE 1. Cerebral Metabolic Measurements 
fie i se age ac ts al cc a a a ei 
ae 20° 37% 
(Before Cooling) (Before Circulatory Arrest) (After Rewarming) 
i A-V 0O;* A-V O2* A-V 0.* 
ae Difference CMRO,** CBF*** Difference CMRO,** CBF*** Difference CMRO,.** CBF*** 
1 3.65 1.03 28 2.94 0.46 16 6.38 1.41 I 
2 3.38 0.85 25 1.57 0.22 14 5.22 1.25 24 
3 4.70 1.36 29 2.10 0.46 22 5.75 1.78 3I 
4 3.48 1.12 32 2.20 0,35 16 3.42 1.19 32 
5 3.82 1.22 32 2.42 0.49 20 4,20 1.09 26 
6 4.80 1.52 31 2.62 0.46 17 6.57 1.65 25 
7 3.08 1.54 50 1.41 0.44 31 6.68 2.21 33 
8 4.35 2.81 50 2.10 0.77 37 4.01 1. 64 44 
9 5.20 1.92 37 2.96 0.54 18 6.82 1.97 29 
10 5.30 1.91 36 2.20 0,33 15 17:22 1.87 26 
Median 4.18 1.44 32 2.20 0.46 18 6.06 1.65 28 
% Change 147% 169% 146% 745% 115% Li8% 


* Oxygen extraction expressed as cc. O2/100 cc. blood’ 


** Oxygen consumption expressed as cc. 02/100 Gm. brain/minute 


*** Cerebral blood flow expressed as cc./100 Gm. brain/minute 


I. The median value for the cerebral oxygen consump- 
tion at 20 C decreased by 69% of the measured 
normothermic value, while the median oxygen extrac- 
tion decreased by 47% of the observed normothermic 
O2(A-V) and the CBF decreased an average of 46% 
of the normothermic flow rate. These changes are il- 
lustrated in Figure 1. 

Measurements of oxygen consumption made after 
circulatory arrest and at the end of the rewarming pe- 
riod when the body temperature had returned to nor- 
mothermic levels showed a median increase of 15% 
over the initial normothermic level. There was a me- 
dian increase of 45% in oxygen extraction and a median 
decrease of 18% in the cerebral blood flow. 

Table 2 summarizes the observed values for the 
mean systemic arterial blood pressures (MBP) and 
the cerebral vascular resistances (CVR) noted at the 
three periods of metabolic measurements. Although 
there were considerable variations noted in these pa- 
rameters among the ten animals, a comparison of me- 
dian values of MBP and CVR shows a decrease from 
125 mm. Hg at 38 C to 70 mm. Hg at 20 C without 
any change in the CVR. Arterial Pco. values, at this 
time, ranged from 12 to 20 mm. Hg in the ten animals. 
In the post-rewarming period at a body temperature 
of 36 to 38 C, the median MBP was 110 mm. Hg while 
the median CVR had increased to 3.8. At this time, 
the arterial Pco. level ranged from 45 to 60 mm. Hg. 

The cerebral Pog and Pco levels monitored directly 
on the cortical surface during circulatory arrest in five 
animals are summarized in Table 3 and 4. Figure 2 
represents a typical tracing of the cerebral cortical] Pos 
and Pco levels obtained during circulatory arrest and 
demonstrates the characteristic decrease in the Pos level 
during the first 10 to 15 minutes of arrest as well as the 


steady increase in the cortical Pco, level which began 
as the Pog level equilibrated. The mean per cent decline 
in the cerebral Poz level during circulatory arrest was 
39% of the pre-arrest value with nearly all of this de- 
crease being observed in the first 15 minutes of .arrest. 
The mean per cent increase in the cerebral cdtticak: 
Pco, level, on the other hand, was 163% with most: of 
the observed increase occurring during the final 30 
minutes of the circulatory arrest. 


Discussion 


The most significant fact to be derived from the 
data obtained in this study, is that cerebral oxygen 
consumption data obtained after circulatory arrest and 
rewarming demonstrate an average increase of 15% 
over the pre-cooling oxygen consumption. values. As 
shown in Table 1, seven animals had an increase in 
oxygen consumption after hypothermia and circulatory 
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Fic. 1. Changes in cerebral metabolism during deep hypothermia. 
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TABLE 2. An additional explanation for the decline of the 

37° 20° 37° cerebral blood flow after circulatory arrest and re- 

. (Before Circu- (After Re- warming might be the presence of some form of cere- 

(Before Cooling) latory Arrest) warming) bral parenchymal damage. Factors inducing cerebral 

Animal | edema as well as space-occupying intracranial lesions 
Number , MBP* CVR** MBP* CVR** MBP* CVR** may reduce CBF?6 and, although there was no evi- 
i 115 47 65 42 110 50 dence of the latter, some cerebral swelling may have 

2 130 5.2 70 5.0 120 5.0 been present in the post-arrested state. Regardless of 

; r j F z ie what specific factors resulted in a fall in CBF, the most 

5 125 39 "0 35 110 42 noteworthy finding in this study was the return of 

6 125 3.9 60 3.4 115 4.6 cerebral oxygen consumption to the normothermic 

i o a x o > a control level. The capability of the brain to compen- 

9 115 34 65 3.5 90 3.1 sate for a decline in blood flow with an increase in ox- 

10 110 3.1 100 6.6 75 2.9 ygen extraction after the double insults of deep hy- 
Median 125 35 70 35 110 3.8 pothermia and complete circulatory arrest explains 


* Mean blood pressure in mm. Hg 
** Cerebral vascular resistance expressed as mm. He/cc. blood /100 
Gm. brain/minute 


arrest, two animals showed essentially no change, while 
only one dog had a decline in oxygen consumption. 
This return of the rate of oxygen metabolism following 
deep hypothermia and complete circulatory arrest 
for 45,/‘minutes to the pre-hypothermic CMRO, levels 
indicates a resumption of adequate, if not normal, cer- 
ebral metabolic activity. 

‘Despite this return to pre-arrest levels of cerebral 
oxygen consumption, cerebral blood flow declined an 
average of 18% after hypothermia and arrest. Oxygen 
consumption was maintained at generally higher than 
pre-cooling levels by an increase in oxygen extrac- 
tion from the arterial blood in the brain, as is illustrated 
in Figure 1. The decline in CBF as well as a slight 
increase in the cerebral vascular resistance in the post- 
hypothermic condition indicates some degree of cer- 
ebral damage as a result of deep hypothermia and the 
circulatory arrest. Although Dextran was administered, 
as Mohri had recommended,” intravascular coagula- 
tion in small vessels would appear to be the most likely 
explanation for the decline in cerebral blood flow and the 
increase in cerebral vascular resistance. It is noteworthy, 
however, that no increase in the CVR was measured in 
the studies performed at 20 C. and prior to the arrest, 
when vascular sludging from an increased blood vis- 
cosity should have been at its greatest level. 


the restoration of adequate cerebral metabolic activity. 

In the post-hypothermic period, a decrease in the 
mean blood pressure as compared to the pre-cooling 
period was noted (Table 2). It has been demonstrated 
that the cerebral blood flow is unaffected by the level 
of systemic blood pressure provided the mean systemic 
blood pressure remains above 60 to 65 mm. Hg.!#7 
This fact is important when interpreting the decline 
of the CBF since, despite a fall of systemic blood 
pressure after rewarming, the decrease in cerebral blood 
flow at this time must be due to intrinsic cerebral fac- 
tors and not the result of altered systemic hemody- 
namics. 

A comparison of the oxygen consumption values ob- 
tained in the initial pre-cooling state with the oxy- 
gen consumption values measured at the end of the 
rewarming phase must take into account several vari- 
ables introduced by necessity into the study. The ini- 
tial cerebral metabolic measurements were made with 
the animals anesthetized with sodium thiamylal, a bar- 
biturate derivative. Barbiturates are well known to 
affect cerebral metabolic activity, with the degree of 
metabolic depression related to the depth of anes- 
thesia.’*°.27 At the time of the post-rewarming cere- 
bral metabolic studies, these animals were beginning 
to recover from the obtunded state in which they had 
been during rewarming. In some of the animals, 
small doses of sodium thiamylal were administered dur- 
ing rewarming, but only when the animals began to 
move or struggle against the respirator before com- 


TABLE 3. Cerebral Po, Measurements 


(mm. Hg) 
No. 1 No. 2 No. 3 No. 4 No. § Median 
Beginning of circulatory arrest 57 100 102 106 95 100 
After 15 minutes of circulatory arrest 49 68 67 75 62 67 
After 30 minutes of circulatory arrest 46 66 66 60 59 60 
After 45 minutes of circulatory arrest 46 66 62 59 58 ` 59 
% decrease during circulatory arrest 119.3% 33% 39.2% 44.4% 39% 
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TABLE 4. Cerebral Poo, Measurements 
_ (mm. Hg) 
No. 1 No. 2 No. 3 No. 4 No. 5 Median 
Beginning of circulatory arrest (29 . 11 23 20 44 2 
After 15 minuzes of circulatory arrest 29 12 36 24 58 24 
After 30 minuzes of circulatory arrest 46 22 48 41 106 46 
After 45 minutes of circulatory arrest 62 29 63 52 118 62 
% increase during circulatory arrest 1114% 174% 160% 170% 





pletion of the rewarming. It is not possible to assess 
accurately how these different types of neurologic de- 
pression counterbalance when considering the effects 
on cerebral oxygen consumption, It is likely, however, 
that during the initial measurements the oc of met- 
abolic depression was greater. 

- The other major variables which are present in this 
study involve the changes in the blood gas and pH levels 
before and after hypothermia. When the initial measure- 
ments were made, the arterial Poz and. pH were higher 
and the Pcoz levels were lower (Pos 450 to 600 mm. Hg., 
Poo: 40 to 45 mm. Hg, and pH 7.40 to 7.50). After re- 
warming, the Po, ranged from.150 to 250 mm. Hg despite 
continued 100% oxygen inhalation. The pH levels were 
between 7.22 and 7.34 and the Pcos ranged from 45 
to 60 mm. Hg. Despite the reduction in the blood Poz 
levels after rewarming, the arterial oxygen saturation 
remained rearly 100% and the decrease in the arterial 
Pos levels should, therefore, have no effect on the 
CMRO». `A reduction in the pH levels might have 
affected the post-hypothermia metabolic studies since 
cerebral blood flow has been shown to be greater in an 
acidotic state regardless of the level of. the Pcog.14 In 
addition, the hypercapnia seen in all ‘of ‘these animals 
following . rewarming would have produced a definite 
cerebral vasodilatation with a resultant increase in the 
CBF, as has been demonstrated both experimentally and 
clinically" There was, however, a decrease in CBF 
at this tire confirming the fact that some degree of 
cerébral damage must exist in the animals in the post- 
hypothermic state. 

The changes observed in the blood pressure and the 
cerebral vascular resistance during the three periods ‘of 
measurements’ are noteworthy for séveral reasons. The 
characteristic decline in the systemic arterial pressures 
during cocling is well established, as is the gradual 
decline in the pulse rate. Of special interest is the 
lack of any increase in the cerebral vascular resistance 
during deep hypothermia in spite of very low arterial 
Peo, levels at that time. This finding is at. variance 
with the observations of Edmunds, who used a pump 
to supply blood to the brain at a constant pulse pres- 
sure regardless of the level of body temperature. At 
18 to 20 C and prior to circulatory arrest in this present 
study, the arterial Pcoe levels in the dogs ane be- 


tween 12 and 20 mm. Hg as a result of hyperventila- 
tion. Kety described a direct relatidnship between ar- 
terial carbon dioxide levels and cerebral blood flow and, 
because of this relationship, Belsey and others have 
recommended the use of hypercapnia as a means of 
achieving cerebral vascular dilatation during hypo- 
thermia.22° Using Mohri’s method of surface induced 
hypothermia with hyperventilation and a resultant res- 
piratory alkalosis, arterial Pco, levels fell to very low 
levels, but despite this marked ‘decline there was: no 
significant change’ in the cerebral vascular resisiancé, 
as noted in Table 2. 

- The direct monitoring of cerebral deal Pos sid 
Pcos using the mass spectrometer during ċirculatory 
arrest provides'a means of observing the basic metabolic 
activity of the brain during a period of prolonged "noxia. - 
The typical parten of change of the cortical Pos level 
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Fic, 2. Changes in cerebral cortical Po, and Pco, levels during 
circulatory arrest, 
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observed in this study, namely an early and significant 
decline in Pos followed by stabilization of the oxygen 
at a reduced level suggests that cerebral cortical oxygen 
is depleted during the- initial 10 to 15 minutes of arrest. 
The subsequent elevation of the cortical Poo, level after 
oxygen depletion is closely similar to what occurs in the 
myocardium during anoxic cardiac arrest,®1° and the 
Pco, elevation is interpreted as being a result of anaer- 
obic metabolism. The fact that the rate of elevation of 
the Pcoz level is nearly constant during the arrest sug- 
gests a steady rate of metabolic activity in the brain 
despite the complete lack of circulation. Although there 
is no apparent correlation between the cortical gas ten- 
sion changes during the circulatory arrest period and 
the post-arrest metabolic changes in these five animals, 
the direct cortical measurements do provide a means 
of monitoring: the basic metabolic changes in the brain 
during i the period Oz circulatory arrest. 


ey 


1. Cerebral metabolic activity was measured in ten 
dogs: 4indergoing Geep hypothermia and circulatory 
“arrest, for 45 minutes using a method of surface in- 
duced: cooling, ether anesthesia, and hyperventilation. 
Cerebral blood flow and cerebral oxygen consump- 
tion were measured utilizing a mass spectrometer by 
the inert gas technic. 

2. Cerebral oxygen consumption at chi completion 
of circulatory arrest and rewarming increased 15% 
over the mean pre-cooling rate of oxygen consump- 
tion, indicating a restoration of adequate cerebral 
metabolic activity. A mean decrease in the cerebral 
blood flow of 18% and an increase of cerebral vascular 
resistance of 8%'in the post-arrest state was found, sug- 
gesting mild cerebral vascular daniage. 

3. Direct and continuous measurements of the cer- 
ebral- cortical Pco, and Pcos levels during the 45 
minutes of circulatory arrest in five animals indicate 
continuing cerebral metabolic activity during the ar- 
rest period, with brain oxygen utilization ceasing after 
the first 15 minutes of the arrest period. 

4, Despite the marked lowering of the blood Pcos 
levels in the animals at deep hypothermic levels as a 
result of the hyperventilation, there was no evidence 
of an increase in cerebral vascuilar resistance. 

5. Using the technic of surface induced hypothermia 
with ether anesthesia and hyperventilation, circulatory 
arrest for 45 minutes at 18 C was tolerated by the 
animals without evidence of impairment of cerebral 
metabolism, despite a consistent reduction in cerebral 


blood flow. 
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Plasma Catecholamines in Patients with 


Serious Postoperative Infection 


ALAN C. GROVES, M.D., F.R.C.S.(C), JOHN GRIFFITHS, M.D., 


— REPORTS indicate that urinary catecholamine 
excretion is not significantly increased in- patients 
after major operation, but is elevated following severe 
trauma or during a complicated postoperative course. 
Measuring urinary catecholamines after major surgical 
| procedures, Franksson, Gemzell and Euler found that 
‘épinephrine was not elevated in patients who made 
an “uneventful recovery. Although urinary excretion 
of norepinephrine was . increased occasionally, it was 
normal in the’ majority of these patients, Patients with 
major trauma or postoperative complications had con- 
sistently increased urinary norepinephrine. In pa- 
tients with burns Goodall; Stone and Haynes” found 
increased urinary excretion of catecholamines. The rise 
of norepinephrine was usually greater than epi- 
nephrine and was approximately proportional to the se- 
verity of the burns. Goodall also observed histological 
depletion of catecholamine granules in the adrenal 
medulla ‘of patients who died following severe burns. 
Urinary catecholamines do- not réflect the intermittent 
circulating plasma’ concentrations, and in septic pa- 
tients with or without hypotension, oliguria or anuria 
may preclude measurement of urinary catecholamines, 

- Using the ethylenediamine method, Hammond, Ar- 
onow and Moore!* measured plasma catecholamines 
in a group of surgical patients. They found that plasma 
norepinephrine and epinephrine were normal in most 
patients following major surgical procedures, but were 
increased in patients with postoperative complications. 
The ethylenediamine method for the determination of 
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plasma E A has been criticized for its in- 
ability to distinguish accurately between norepi- 
nephrine and epinephrine;?! hence a batch method using 
the more discriminating trihydroxyindole method: to 
measure plasma norepinephrine and epinephrine has 
been developed in this laboratory.4 

It has not been demonstrated previously that pa- 
tients with sepsis following -operation have plasma cat- 
echolamine concentrations greater than those seen in 
non-septic postoperative patients. This study reports 


the concentration of plasma norepinephrine. and epi- `w 


nephrine measured in patients with severe septic com- 
plications following operation and a group of post- 
operative patients without infection. 


Materials and Methods 


Ten patients in an intensive care unit with life 
threatening forms of sepsis such as septicemia, gas 
gangrene and poorly ‘controlled intra-abdominal ab- 
scesses forrned the study group. Blodd’ pressure, pulse, 
temperature, central venous pressure and urine output 
were recorded, Simultaneously, arterial blood was 
drawn for measurement of pH, Poe ‘and Poo, on a 
Radiometer Model 27 blood gas analyzer, and venous 
blood was obtained for determination of plasma cate- 
cholamines.4 Similar studies were madè from a con- 
trol group of ten rion-septic patients on the first and 
second days after operation. 
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TABLE 1. Postoperative Patients with Sepsis 
Day NE E B. P. CVP Urine Temp. pCO, 
Patient Observed ng./ml.  ng./ml. Pulse mm.Hg cm. H2O mli./hr. °C pH mm.H¢g Diagnosis 
i i 2.47 0.02 110 100/60 10 50 37.4 7.29 46 Cl. welchit cellulitis (R) 
54 years 3 0.48 0.02 108 95/50 4 200 37.0 7.50 32 flank, disseminated intra- 
4 0.35 0.12 104 85/55 7 45 S733 7.43 32 vascular coagulation 
5 0.35 0.05 100 100/65 6 65 37.0 7.42 29 
2 1 2235 0.25 160 110/70 7 200 38.0 7.51 32 E.coli abdominal abscesses 
31 years 2 2.19 0.25 160 110/70 0 30 38.4 7.48 27 ~— post appendectomy 
l 3 1.05 0.14 135 120/70 0 =O 38.7 
6 0.84 0.23 132 130/95 3 75 315 7.41 42 
7 1.12 0.39 140 125/80 3 40 37.8 
3 1 4.10 1.53 150 80/40 4 0 40.8 7.21 28  Esophagectomy for Ca 
53 years 1 3.91 1.03 144 70/30 6 0 41.0 7.19 24 esophagus, Proteus morganii 
1 3.80 0.94 130 80/50 7 15 40.0 7.20 23 septicemia 
1 2.87 1:12 140 70/40 7 24 40.0 7.23 27 
4 i 1.65 0.23 170 140/80 30 39.0 Cl. welchii cellulitis (R) fank 
62 years 2 1.08 0.28 124 160/80 16 45 38.8 7.35 38 
4 0.43 0.08 100 160/80 9 100 38.8 7.45 43 
5 1 1.49 0.40 150 60/30 13 0) 41.0 7.22 43 Anterior resection, Cl. 

59 years welchii cellulitis and 
myositis abdominal wall, 
renal failure 

6 1 2.26 0.33 120 150/80 0 36.7 7.29 47 A. aerogenes infection in 
27 years 2 1.98 0.17 120 130/80 6 0 37.0 7.26 52 compound fracture (R) leg, 
3 1.77 0.32 135 140/80 1 0 38.6 7.38 42 renal failure ee ae 
4 1.56 0.05 135 130/80 3 10 38.0 Bret 
32 0.40 0.01 100 140/90 125 37.4 ea 
7 1 3.16 0.48 130 100/760 8 15 39.0 7.28 23 Prostatectomy, E.coli ` 
83 years 1 2.49 0.39 124 95/50 9 25 39.2 7.29 31 septicemia 
1 2.36 0.51 128 90/50 7 65 41.0 7.30 27 
i 1.65 0.36 110 100/60 6 70 38.0 7.31 36 
2 1.42 0.32 104 110/60 7 110 38.2 7,38 29 
2 0.75 0.14 96 110/60 7 250 37.0 7.39 34 
8 i 1.55 0.30 115 100/70 9 35 39.8 7.57 15  Post-op Longmire procedure, 
72 years 3 0.29 0.03 70 90/55 5 80 37.0 7.49 28 Pseudomonas aeruginosa 
4 0.64 0.02 76 100/60 7 50 36.3 7.46 33 septicemia 
5 0.42 0.15 80 90/60 4 45 36.5 
9 1 0.92 0.09 88 80/40 11 25 ™ 41.0 7.37 29 (R)Hemicolectomy, E, cok 
47 years 1 0.51 0.03 74 100/70 12 120 39.0 7.43 28 septicemia 
i 0.49 0.06 76 110/70 10 200 37.0 7.36 34 
1 0.39 0.08 78 110/70 10 100 37.0 7.39 37 
10 Í 1.81 0.13 110 140/70 6 90 39.0 7.45 30 Leaking duodenal stump 
32 years 2 0.44 0.10 80 125/70 8 100 37.5 7.49 25 post gastrectomy, 
3 0.51 0.08 72 110/70 6 60 38.0 peritonitis, Klebstella 
4 0.39 0.12 80 125/55 8 60 38.0 pneumoniae, Proteus 
5 0. 84 0.20 120 125/65 7 55 39.7 7.48 25 morgantt, Strep. fecalis 
6 0.41 0.08 72 140/75 7 105 37.7 


Normal NE .25 + .10 ng./ml 
Normal E .04 + .04 ng./ml 


Results 


Postoperative Patients with Sepsis (10), Table 1: When 
the seriously ill patients were first seen, mean plasma 
norepinephrine was 2.17 ng./ml. (+ 0.92) and mean 
plasma epinephrine was 0.38 ng./ml. (+ 0.43). Using 
the student ¢ test on these data and the data obtained 
on the first postoperative day from the group without 
infection, it was found that plasma norepinephrine (p < 


0.001) and plasma epinephrine (p < 0.05) were sig- 
nificantly greater in the septic patients. It was not 
possible to compare the second norepinephrine and 
epinephrine concentrations between the septic and 
non-septic patients since the intervals between collec- 
tion of blood varied considerably in the septic group. 

In every patient with sepsis, plasma norepinephrine 
was higher than plasma epinephrine. An analysis of co- 
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: Day NE E- Pulse 
Patient post-op. ng./ml. n¢g./ml min. 

a First 0.54 0.32 100 

gui Second 0.57 0.46 110 

2 First 0.60 0.13 72 

Second 0.28 0.06 88 

3 l First 0.30 0.06 84 

Second 0.17 0.05 80 

4 First 0.15 0.02 78 

- Second 0.15 0.04 84 

5 First 0.38 0.01 120 

Second 0.47 0.01 120 

6 First 0.29 0.24 94 

Second 0.43 0.38 82 

7 First 0.18 0.04 68 

Second 0.19 0.07 68 

8 ` First 0.44 0.05 104 

Second 0.27 0.08 100 

9 First 0.15 0.02 68 

Second 0.18 0.07 80 

10> First 0.40 0.14 94 

: Second 0.52 0.14 92 


Normal E .04 + .04 ng./ml. 


variance to compare the changes in both catecholamines 
showed a rise of norepinephrine correlated with a rise 
of epinephrine (r = 0.77, p < 0.01 at 95% confidence 
limits). Plasma. catecholamines were elevated when 
either urinary output or central venous pressure in- 
dicated that volume replacement was not necessary. 
Seven of the ten patients with sepsis were not hypo- 
tensive when plasma norepinephrine and epinephrine 
were elevated, and although arterial Pco2 was slightly 
increased on occasion, it was usually normal or low 
when the catecholamines were high. Six patients in this 
group died from the complications of sepsis. 

_ Postoperative Patients without Sepsis (10), Table 2: 
Twenty-four hours after surgery, mean plasma norepi- 
nephrine was 0.34 ng./ml. (+0.16) and mean plasma 
epinephrine was 0.10 ng./ml. (+0.10). On the second 
postoperative day, mean plasma norepinephrine was 0.32 
ng./ml. (+0.16) and mean plasma epinephrine was 0.14 
ng./ml. (+0.15). The paired comparison ¢ test did not 
show a significant change in mean plasma norepineph- 

. rine or epinephrine from the first to the second day. 

`- In some patients in this group, both catecholamines ex- 

: „ceeded the normal range but mean plasma norepineph- 

rine and epinephrine were within or near the upper limit 


B. P. Urine Temp. 

mm. Hg ml. /hr. °C Operation 
190/75 75 36.9 Aorto-femoral bypass 
190/75 125 315 
150/80 80 37.0 Splenectomy for idiopathic 
120/65 70 38,0 thrombocytopenic purpura 
165/80 75 37.2 Cholecystectomy and operative 
180/90 50 37.9 cholangiogram 
150/85 60 37.0 Cholecystectomy, common bile 
145/80 50 37.4 duct exploration, sphincter- 

otomy 
110/70 55 36.4 Cholecystectomy 
110/75 60 37.0 
150/80 50 37.0 Inguinal hernia repair 
145/75 70 37.6 
130/90 45 36.8 Bilateral inguinal hernia 
120/80 55 36.8 repair 
140/80 80 37.6 Bilateral varicose vein, 
140/80 50 37.8 stripping and ligation 
150/60 60 36.8 Femoral popliteal bypass 
-50/80 40 37.3 
130/70 75 37.4 Femoral popliteal bypass 
125/75 80 37.4 


of normal observed previously in healthy adults. Plasma 
norepinephrine always exceeded plasma epinephrine, but 
analysis of covariance at 95% confidence limits indicated 
that there was no correlation between these catechol- 
amines. All patients in this group had an unremarkable 
postoperative course and none died. 

Relationship of Plasma Catecholamines to Systolic 
Blood Pressure and Pulse: Fishers ‘Z transformation 
technic was used to examine the relationship of plasma 
norepinephrine and epinephrine to systolic blood pres- 
sure and pulse in septic and nonseptic patients. In 
postoperative patients without infection, increased sys- 
tolic blood pressure correlated with increased plasma 
epinephrine (r = 0.65, p < 0.02) but in the postopera- 
tive patients with serious septic complications, systolic 
blood pressure fell as plasma epinephrine increased (r = 
— 47, p < 0.02). There was no correlation of plasma 
norepinephrine with systolic blood pressure and pulse 
or plasma epinephrine with pulse in either group. 


Case Reports 


Case 1, This 54-year-old lady was admitted with central ab- 
dominal pain and a diagnosis of small bowel obstruction. Lapa- 
rotomy was performed and small bowel adhesions lysed. During 
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Fic. 1. This patient with 
clostridium welchii cellu- 
litis of the right flank and 
disseminated intravascu- 
lar coagulation had radi- 
ological evidence of pul- 
monary edema, but cen- 
tral venous pressure was 
normal. 


FIBRIN SPLIT PRODUCTS 


SERUM HGB. 15 me i, 
SERUM TG 259 meg. 4 


operation the small bowel was inadvertently entered but closed 
without difficulty. Twenty-four hours following operation she 
became confused, her pulse was 140 per minute, temperature, 
40°C, respiratory rate, 28 per minute and urine output, 10 ml. 
per hour. Crepitation originating in the abdominal wound and 
extending into the right flank was palpated and gram positive 
bacilli were identified on a gram stain of the wound exudate. 

She was given massive doses of penicillin and taken to the hyper- 
baric chamber where debridement was performed during a 2-hour 
treatment with 100% oxygen at 3 ATA. The same evening she 
was given a second 2-hour hyperbaric oxygen treatment and her 
general condition improved. The next morning it was noted that 
the serum hemoglobin was 15 mg./100 ml., platelets, 7000/cc. and 
fibrin split products were present in the plasma. Plasma norepi- 
nephrine was 2.47 ng./ml., plasma epinephrine, 0.02 ng./ml., and 
serum triglyceride, 259 mg./100 ml. At this time blood pressure 
was 100/60, pulse, 110, central venous pressure, 10 cm, HzO, urine 
output, 50 ml./hr. and Pcos, 46 mm.Hg. Two days later it was 
noted that she had lung lesions which occur in association with 
severe sepsis, that is, radiologic changes consistent with the diag- 
nosis of pulmonary edema in association with a normal central 
venous pressure (Fig. 1). On the fifth day after the onset of the 
illness plasma norepinephrine and serum triglyceride had returned 
to normal, and 10 weeks later, after secondary wound closure and 
skin grafting, she was discharged from hospital. 


Case 2. Six weeks previously, this 31-year-old patient had a rup- 
tured appendix followed by three surgical procedures for drainage 
of abdominal and pelvic abscesses and a Bacteriodes organism was 
cultured from the purulent exudate. Despite this aggressive surgi- 
cal treatment she continued to complain of severe abdominal pain, 
but on physical examination there was no localized abdominal 
tenderness. Six days later her condition had deteriorated con- 
siderably and there was generalized abdominal tenderness on pal- 
pation. Her pulse was 160 per minute, respiratory rate, 32 per min- 
ute, temperature, 38°C., central venous pressure, 7 cm. H:O, urine 
output, 200 ml./hr., Pos, 86 mm.Hg, Pcos, 32 mm.Hg and pH, 7.51. 
She was confused and there was marked peripheral cyanosis. 
Plasma norepinephrine was 2.33 ng./ml. and plasma epinephrine, 
0.25 ng./ml. The following day laparotomy was performed and 
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three separate abdominal abscesses were drained. Escherichia coli 
bacteria were cultured from pus obtained at operation. 

Immediately following operation her clinical condition was un- 
changed; plasma norepinephrine was 2.19 ng./ml. and plasma 
epinephrine, 0.25 ng./ml. On the second postoperative day her 
pulse had decreased to 135 per minute, there was no peripheral 
cyanosis and plasma norepinephrine and epinephrine had decreased 
to 1.05 ng./ml. and 0.14 ng./ml. respectively. By the fourth post- 
operative day she had improved further, and her plasma norepi- 
nephrine was 0.84 ng./ml. and plasma epinephrine, 0.23 ng. /ml. 
She continued to improve and subse quently was discharge d from 
the hospital. 


Discussion 


The data in this study show that plasma norepi- 
nephrine and epinephrine were slightly increased in some 
patients following uneventful major surgical procedures, 
but mean plasma norepinephrine and epinephrine were 
near the upper limit of normal observed in healthy 
adults. However, both norepinephrine and epinephrine 
were significantly higher in postoperative patients with 
severe septic complications than in postoperative pa- 
tients without sepsis. While it is recognized that urinary 
catecholamine excretion is difficult to relate to plasma 
concentrations, these data are consistent with the ob- 
servations of Franksson, Gemzell and Euler.!” Increased 
systolic blood pressure was correlated with increased 
plasma epinephrine in postoperative patients without in- 
fection, but systolic blood pressure fell as plasma epi- 
nephrine increased in patients with serious septic com- 
plications. The physiological explanation for these re- 
sults is unclear. Plasma norepinephrine always exceeded 
plasma epinephrine and occasionally remained elevated 
when epinephrine had returned to normal. 
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The cause of increased plasma catecholamines in 
patients with serious postoperative infection is not 
clear. Altered release, catabolism or excretion would 
affect plasma catecholamine concentrations, but the 
effect of sepsis on these parameters is unknown. 

Long et al? showed that in sepsis, glucose oxida- 
tion increased more than twice, whereas the metabolic 
rate increased only slightly. Muller, Faloona and Un- 
ger** have demonstrated that the plasma concentra- 
tion of the gluconeogenic hormone, glucagon, increases 
when there is increased requirement for endogenous 
glucose. Since glucagon causes increased catecholamine 
release,” it is possible that additional glucose require- 
ments in sepsis may raise plasma catecholamine con- 
centrations indirectly. Duner’s® studies indicate that 
a fall of blood glucose concentration initiates the re- 
lease of catecholamines, particularly epinephrine, from 
the adrenal medulla via nervous pathways from the 
hypothalamus.? Direct stimulation of catecholamine re- 
lease via the hypothalamus would be expected in dogs 
with hypoglycemia resulting from the intravenous in- 
jection of E. coli endotoxin,? and on occasion may occur 
clinically because hypoglycemia has been reported in 
patients with severe sepsis.** 

Either metabolic or respiratory acidosis will raise 
plasma catecholamine concentrations.2° Some of the 
patients in this study had metabolic acidosis which 
may have caused increased plasma catecholamines but 
none had significant respiratory acidosis. Hypotension 
will cause adrenal medullary catecholamine release via 
the baroreceptor reflex.1§ Although some patients in 
this study had low blood pressures, most were normo- 
tensive and none were hypovolemic when plasma cat- 
echolamines were elevated. These observations sug- 
gest that factors other than the baroreceptor reflex are 
more important causes of increased plasma catechol- 
amines in postoperative patients with serious septic 
complications, 

Gallin and associates’! observed marked hyperlipi- 
demia in association with lipid present in the pre- 
beta fraction on lipoprotein electrophoresis of patients 
with serious gram-negative infection. In Case 1, trans- 
ient hypertriglvceridemia associated with high plasma 
norepinephrine was observed. Fatty change also has 
been noted at postmortem in the liver of patients who 
died following gram-negative sepsis*> and experimental 
infusion of norepinephrine into healthy dogs causes hy- 
pertri glyceridemia, increased v ery low density lipoprotein 
in the plasmat and acute fatty liver.® Recent studies in 
this laboratory showing a rise in serum triglyceride corre- 
lated with a rise in plasma arep aerie but not 
epinephrine 12 hours after the injection of live E. coli 
bacteria into dogs suggest that the hyper triglyceridemia 
associated with gram-negative sepsis is related to en- 
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dogenous norepinephrine release induced by gram- 
negative bacteremia.” 

Both norepinephrine and epinephrine inhibit the in- 
sulin response to glucose.**?? Cerasi and co leagues" 
have shown by glucose and epinephrine infusion stud- 
ies that inhibition of insulin release is dependent on 
the rate of infusion of epinephrine. However, at all 
rates of infusion which were studied, epinephrine re- 
duced insulin secretion.’ In patients with severe burns 
the negative nitrogen balance can be reduced greatly 
by infusions of glucose and insulin.’7 Since uin is an 
anabolic hounone. the significance of impaired insulin 
release secondary to raised plasma catecholamines as a 
cause of the high catabolic rate in patients with serious 
postoperative infection requires further study. 

Disseminated intravascular coagulation is a frequent 
complication of septicemia.’ McKay? found hema- 
tological changes consistent with disseminated intra- 
vascular coagulation as well as electron microscopic 
evidence of fibrin in the microcirculation of rabbits 
and monkeys following continuous epinephrine infus- 
ion. Whitaker, McKay and Csavossy”® also noted the 
severity of hemolysis and red cell fragmentation fol- 
lowing epinephrine infusion was related to the amount 
of intravascular clotting. Both disseminated intravas- 
cular coagulation and hemolysis were completely pre- 
vented by prior alpha adrenergic blockade with di- 
benzyline but only partially prevented by heparin. 

Berk? has suggested that increased beta rather than 
increased alpha adrenergic stimulation causes many 
of the pathophysiological changes in septic shock, and 
has reported encouraging results in the treatment of 
septic shock with the use of the beta adrenergic antag- 
onist, propranolol. However, Carlson* noted a high 
mortality following a continuous 8-hour infusion of the 
alpha adrenergic drug, norepinephrine, into healthy 
dogs at the rate of 1 p»g./Kg./min. A high mortality 
also has been reported in patients with severe sepsis, 
particularly if associated with hypotension,® and in this 
study in which norepinephrine concentration exceeded 
epinephrine concentration, there were six deaths in 
the group of ten patients with serious postoperative 
infection. 

It is well recognized that norepinephrine or epi- 
nephrine are contraindicated in the treatment of patients 
with severe sepsis. It remains to be shown whether 
the increased plasma catecholamines noted in the 
postoperative septic patients are beneficial or detri- 
menta]. Experimental evidence suggests that sustained 
high concentrations of circulating catecholamines produce 
diverse deleterious effects; hence, further studies are 
needed to compare plasma catecholamine concentrations 
in animals subjected to continuous catecholamine in- 
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fusion with those measured in patients with severe 
sepsis. 


Summary 


Plasma norepinephrine and epinephrine were slightly 
increased in some patients following uneventful] major 
surgical procedures, but mean plasma oie ie 
and epinephrine were within or near the upper limit of 
normal observed in healthy adults. Both mean plasma 
norepinephrine and epinephrine were significantly 
higher in postoper rative patients with severe septic 
complications than in postoperative patients without 
sepsis, Plasma norepinephrine always exceeded plasma 
epinephrine and occasionally remained elevated when 
epinephrine had returned to normal. 
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Dipyridamode and Aspirin 


A RECONSTRUCTIVE surgery, especially in small 
vessels, may be complicated by early failure due 
to thrombosis.!* Thrombosis after sur gical or other injury 
to the arterial wall is initiated when the endothelium is 
destroyed and platelets adhere to subendothelial struc- 
tures in the vessel wall such as collagen,** or basement 
membrane.'? This initial thrombus formation may be 
unavoidable in vascular surgery as simple grasping of 
the vessel with a forceps can lead to disruption of 
the endothelium and adherence of platelets to the de- 
nuded areas.” The thrombus then grows as the initially 
adherent platelets release ADP,” serotonin," and epi- 
nephrine,** to induce more platelets to aggregate. The 
initially adherent platelets also make platelet factor 
3 available to activate the plasma coagulation sys- 
tem and generate thrombin and fibrin. The activity 
of this platelet system, combined with the pattern of 
blood flow, ultimately determines whether the throm- 
bus will grow to obstruct the lumen of the vessel.*! The 
importance of platelet activity in determining the out- 
come of arterial reconstruction has been emphasized by 
Evans and Mustard who showed a correlation between 
platelet adhesiveness and the onset of occlusion in 
saphenous vein and dacron grafts.” Therefore, attempts 
to reduce the incidence of thrombosis complicating 
arterial reconstructive procedures can be directed at 
interrupting the initial platelet-mediated steps in arterial 
thrombus formation. The following studies were under- 
taken to evaluate the ability of two agents which affect 
platelet aggregation, dipyridamole and aspirin, to affect 
intra-arterial thrombosis. 

Utilizing the proteolytic enzyme pronase to remove 
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the intima and part of the muscularis layers of the 
vessel wall, a consistently clotting arterial model was 
devised against which dipyridamole and aspirin were 
tested. 


Materials and Methods 


Four groups of 25 Kg. adult mongrel dogs were 
anesthetized with intravenous barbiturates, intubated, 
and placed on a volume respirator. In Group I, con- 
sisting of 10 vessels in seven dogs, 4 cm. segments of 
femoral artery were isolated under sterile conditions, 
side branches were ligated, and #10 Bardic cannulas 
inserted into the proximal and distal ends of the isolate 
segment via two small longitudinal arteriotomies. Then, 
using a roller pump, a solution containing 0.25% pronase 
in normal saline was perfused through the segment at 
200 cc./min. for 30 minutes. After perfusion, the vessels 
were flushed with normal saline to remove any re- 
sidual pronase solution. All arteriotomies were closed 
with 6-0 everting sutures. In Group IJ, consisting of 6 
vessels in four dogs, a similar procedure was followed 
except that the perfusate consisted of normal saline. In 
Group III, consisting of 10 vessels in five dogs, the 
procedure was the same as in Group I except that the 
dogs were given 250 mg. of dipridamole orally each 
day for 4 days before operation and this drug was then 
continued until the time of sacrifice. Group IV, con- 
sisting of 10 vessels in 5 dogs, was identical to Group II 
except that 40 grains (approximately 2.5 g.) of aspirin 
was given orally the day before operation and then 
continued each day until sacrifice. Patency of the vessels 
was determined in vivo by palpation of the pulse distal 
to the perfusion site, and at autopsy by direct examina- 
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tion of the vessels. Microscopic sections were made of 
all vessels and stained with hematoxylin and eosin or 
Masson trichrome. 

To determine the thrombogenicity of pronase, 4 drops 
of the 0.25% pronase solution were added to a tube of 
whole canine blood and to a standard citrated tube 
of canine blood. Lee White, prothrombin, and partial 
thromboplastin times were then determined by standard 
laboratory methods. 


Results 


In Group I, all 10 vessels perfused with pronase 
showed loss of the distal pulse within 3 hours after 
perfusion. Gross inspection of the vessels showed clot 
occluding the lumen, and microscopy showed that the 
intima and part of the musuclaris had been removed by 
the proteolytic action of the pronase. The thrombus 
occluding the lumen of the vessel was composed of a 
platelet mass, containing fibrin with trapping of red and 
white blood cells (Fig. 1), and was confined to the 
area perfused with the pronase solution. 

In Group II, none of the 6 vessels perfused with saline 
clotted in 6 hours, at which time the dogs were sac- 
rificed. There was no evidence of thrombus formation in 
the perfused area, and microscopy showed no disruption 
of the vessel wall (Fig 2). 

In Group III, of the 10 vessels perfused, three 
clotted acutely, two were patent at sacrifice 6 hours 
postoperatively, and five were patent until sacrific at 
2 to 6 weeks. In the vessels studied at 6 hours after 
perfusion, a thin layer of clot was present on the wall 
of the vessel on gross examination, but the lumen of 
the vessel was widely patent. The microscopic examina- 
tion demonstrated this thin layer of platelets and fibrin 
on the vessel wall along with diffuse hemorrhage in the 
vessel wall (Fig. 3). In the vessels studied at 2 to 6 
weeks after perfusion, no clot was noted grossly, and the 
luminal surface was covered with a smooth, shiny lin- 
ing. On microscopic examination, no clot was seen, and 
the luminal surface of the vessel showed a fibroblastic 
proliferation by 2 weeks after the time of perfusion 
(Fig. 4). No unusual problems with hemostasis were 
noted in the animals receiving dipyridamole. 

In Group IV, of 10 vessels, one clotted acutely and 
9 remained patent at sacrific 6 hours to 6 weeks after 
perfusion. Gross findings at 6 hours consisted of a layer 
of clot in the area perfused but the vessels had re- 
mained patient. The findings at two weeks were similar 
to those in Group III with a fibroblastic proliferation 
in the damaged area covered with an endothelial-like 
layer of cells. Each of the animals in this group de- 
monstrated a marked hemorrhagic tendency during 
operation which required the ligation of even the 
smallest bleeding points. In addition, there was a ten- 
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Fic. 1. Longitudinal section through one side of vessel wall (35x ) 
showing thrombus (T) adherent to the media (M) after digestion 


of the intima and inner layers of media with pronase. (A) indi- 
cates the adventitial surface. 





FIG- 2, 


Longitudinal section through one side of vessel wall 
(100x) after perfusion with saline. (I) indicates the intact 
intimal layer. (M) represents media. (L) is the lumen of the 
vessel. 


110 









Fic. 3. Longitudinal section through one side of vessel wall 


(100x) from animal treated with dipyridamole 6 hours after 
perfusion with pronase. The amount of thrombus (T) is markedly 
reduced compared to that occurring after perfusion with pronase 


without prior administration of dipyridamole. (L) and (A) 
represent luminal and adventitial surfaces. There is hemorrhage 
into the medial layer (M ) of the vessel wall. 


dency in this group of animals to develop hematomas in 
the operative site during the postoperative period. 


Discussion 


Perfusion of segments of artery with a 0.25% pronase 
solution has previously been shown to remove the in- 
tima and a variable amount of media depending on 
the length of perfusion.’*** These findings were con- 
firmed by Group I of this series. After the restoration 
of normal blood flow, all vessels perfused with pronase 
developed thrombi which completely occluded the 
lumen of the vessel within 3 hours. In accordance with 
previously described observations of thrombosis follow- 
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Fic. 4. Longitudinal section through one side of vessel wall (430) 
two weeks after perfusion with pronase in animal treated with 
dipyridamole. (F) refers to an area of fibroblastic proliferation 
on the luminal (L) surface of the vessel wall. (M) denotes media. 


ing arterial injury,’®?! microscopy showed platelets ad- 
herent to the damaged area of the vessel wall with 
formation of fibrin and trapping of red and white blood 
cells. The effect of pronase on the vessel wall is similar 
to that resulting from endarterectomy in the clinical 
setting in that the intima and part of the muscularis 
layers are removed. The 100% thrombosis rate after 
enzymatic endarterectomy is much higher than that 
resulting from mechanical endarterectomy in similar 
sized vessels clinically. However, as vessels perfused 
with saline did not thrombose, it was felt that the 
thrombosis in Group I did not result from technical 
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error. Since pronase has been shown by Davey and 
Luscher to induce platelet aggregation in vitro, it is 
possible that a small amount of pronase remaining on 
the vessel wall would have a direct effect on the blood 
to enhace thrombus formation. This effect was believed 
to be minimized by flushing the vessel with saline 
several times after the perfusion and before the res- 
toration of blood flow. In addition, it should be noted 
that the concentration of pronase used by Davey to 
induce platelet aggreation was four times that in the 
initial perfusate in the present experiment. After flush- 
ing restoration of blood flow, the pronase would be 
diluted even further, so that it seems unlikely that the 
direct action of pronase on platelets was responsible 
for the the 100% thrombosis rate. The finding that the 
Lee White, prothrombin, and partial thromboplastin 
times were not altered by the addition of small amounts 
of the 0.25% pronase solution to samples of venous 
blood is some evidence that the thrombosis did not 
result from a direct effect of pronase on the blood. It 
would appear that the action of pronase induces some 
change in the vessel wall which makes it more throm- 
bogenic than a vessel after simple mechanical endar- 
terectomy. The ability of this model to produce throm- 
botic occlusion 100% of the time provided a valuable 
contro] against which anti-thrombotic agents could be 
evaluated. 

Dipyridamole given at a dose of 250 mg./day to the 
animals in Group HI appeared to play a role in prevent- 
ing thrombotic occlusion in a significant percentage 
(70%) of the vessels perfused with pronase. The findings 
in this group correlate well with previous studies demon- 
strating the ability of dipyridamole to reduce thrombus 
formation in vivo.*®" In particular, Danese and 
Haimov have recently reported that 100 mg. of dipy- 
ridamole in 16 Kg. dogs would decrease the rate of oc- 
clusion 4 hours after endarterectomy.® However, Danese, 
Voleti and Weiss found that 200 mg. of dipyridamole 
per day did not decrease the rate of occlusion 2 days 
after endarterectomy or injury with sulfuric acid.” The 
reasons for the latter findings are unclear, but in neither 
of these studies was a 100% rate of thrombotic occlusion 
used as a control. The model using pronase in the present 
study was employed to provide this type of consistently 
clotting arterial mode. Significantly, dipyridamole did 
not inhibit thrombus formation completely as a layer of 
thrombus was demonstrated on the vessel wall 6 hours 
after restoration of blood flow. The effect seemed to 
be to reduce the growth of the thrombus and thus pre- 
vent occlusion of the lumen of the vessel. By 2 weeks 
after the time of perfusion the layer of thrombus found 
initially had completely resolved and had been replaced 
by a layer of fibroblastic proliferation. 

Aspirin administration to the dogs in Group IV also 
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provided significant protection against the development 
of thrombotic occlusion after perfusion with pronase. In 
the series reported by Danese and Haimoy and Danese 
et al. aspirin reduced the incidence of occlusion after 
endarierectoniy or chemical injurv. The dose of aspirin 
employed in the present study, however, was much 
higher than that used in earlier studies, and may be 
responsible for the marked hemorrhagic tendency found, 
Aspirin, like dipyridamole, did not completely inhibit 
thrombus formation as a layer of clot was found along 
the vessel wall, but it did decrease the rate of complete 
occlusion. 

The abilitv of dipyridamole and aspirin to reduce the 
incidence of thrombotic occlusion in this study likely re- 
sults from their effects on platelets. In vitro, dipy- 
ridamole has been shown to inhibit the aggregation of 
platelets by ADP,’® collagen??? and thrombin,**? and 
inhibits the release of ADP, and serotonin”? T from 
platelets after exposure to platelet aggregating agents. 
In man, dipyridamole has been show n to decrease the 
platelet turnover in patients with prosthetic heart 

valves.6 The means by which dipyridamole affects 
platelet aggregation is not definitely known, but one 
or both of the following mechanisms may be involved. 
Adenosine has been shown to inhibit ADP mediated 
platelet aggregation,’ and Bunag et al, found that dipy- 
ridamole could increase the level of adenosine in whole 
blood by retarding its entrance into red blood cells 
where it is normally degraded.* More recently, Cucuianu 
et al. found that dipyridamole could inhibit the uptake 
of adenosine, serotonin, and glucose by platelets in vitro, 
and postulated that hese direct effects of dipyridamole 
on platelets were responsible for the inhibition of platelet 
aggregation,’ P 

Aspirin has also been shown to affect platelet func- 
tion decreasing platelet aggregation by connective tis- 
sue,” collagen,!? thrombin,” and epinephrine. “8 Aspirin 
also inhibits the release of ADP and serotonin by ag- 
gregated platelets," and decreases the amount of platelet 
factor 3 made available. The mechanism by which 
aspirin inhibits platelet aggregation has been inv estigated 
by Al-Mondhiry et al., and this group conclude that 
it results from acetylation of active sites on the platelet 
membrane.! 

The ability of dipyridamole and aspirin to reduce the 
incidence of thrombotic occlusion after enzymatic re- 
moval of intima and muscularis, as shown in this study, 
may have clinical application in arterial surgery, es- 
pecially in small vessels. 


Summary 


A consistently clotting arterial model was devised 
using the proteolytic enzyme pronase to remove the 
intima and muscularis layers of the vessel wall and 
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thereby induce thrombosis. The administration of di- 
pyridamole or aspirin was found to decrease the rate 
of thrombotic occlusion after perfusion with pronase. 
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Editorial 


Thoughts Prompted by the Centennial of the American Public Health Association 


KIND of Olympian detachment characterizes the at- 
A titude of most surgeons in matters of public health. 
In 1874 Billroth expressed this view as follows: “The 
fanatical champions of public health are fighting for a 
goal that is too high for my myopic vision. I can admire 
the struggle but I cannot become involved in it.” While 
historical aspects of public health may seem even more 
remote to many of us, 1972 marked a milestone which 
should not go unnoticed by American surgeons. This is 
the 100th anniversary of the founding of The American 
Public Health Association. Of pivotal importance in the 
development of almost all progress in this field, the 
Association was founded largely through the efforts of 
a young, practicing surgeon, Dr. Stephen Smith of New 
York City, Smith served as the first president of the 
Association and subsequently held that office four times. 
_ The story of Stephen Smith’s involvement in the prob- 
"lems of community health is a fascinating adventure of 
the spirit. A brief excerpt from his remarks made at the 
celebration of the Association’s 50th anniversary conveys 
the timeless quality of such an experience.’ 

“I came to New York from a small farm in the high- 
Jands of the state in 1850 for the purpose of completing 
my medical studies at the College of Physicians and 
Surgeons of Columbia University. I had selected medi- 
cine as my profession on the suggestion of my physicians 
as a preventive measure against the recurrence of a 
form of indigestion of which I had been a victim from 
childhood. To that advice I attribute my activities in 
middle life and the comparatively comfortable age to 
which I have attained, 

Upon graduation, I joined the resident staff of Belle- 


< vue Hospital after a competitive examination, and after 


2 years’ residence in that great laboratory of disease of 
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every kind and form, entered the field of private practice. 
During my term of service in Bellevue Hospital, a severe 
epidemic of typhus fever prevailed, due to an immense 
immigration of Irish people, among whom it first ap- 
peared following a famine. Ten of our staff of 12 suffered 
attacks, two of whom died. I was one of those who 
escaped. The pressure upon the accommodatiors of the 
hospital became so great that the commissioners estab- 
lished a fever hospital on Blackwell's Island, and I was. 
appointed its visiting physician, being regarded as im- 


mune. 


Upon examination of the records of admission of 
patients, I discovered that from one tenement house up- 
wards of 100 cases had been received. On visiting the 
house, I found a veritable “fever nest.” The doors and 
windows were broken, the cellar was filled with sewage, 
every room was occupied by families of Irish immi- 
grants who had but little furniture and slept on straw 
scattered on the floor. I learned that the house was the 
first resort of immigrants, as there was no one in charge 
and hence no expense. 

My first effort to vacate and close this fever nest was 
an application to the Police Department. During my 
interview with the president, the attorney of the board 
was called, and upon hearing the case informed us that 
the police had no authority to act in such cases, and he 
knew of no department of the city government that could 
legally take the steps which I proposed, namely to abate 
a nuisance of such a kind. 

I then determined to find the owner and endeavor to 
persuade him as a matter of public duty and humanity 
to put his house in proper sanitary condition. Visiting 
the tax office, I found that the taxes were paid by a 
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wealthy gentleman living in Union Square. He received 
my request with a flat refusal to improve the house, 
alleging that it never paid anything and was a constant 
source of annoyance. 

When I related the case, and my failures, to the secre- 
tary of the Citizens’ Association, a powerful body of men, 
with Mr. Peter Cooper as president, organized to de- 
feat the schemes of Tweed, then in full control of the 
city government, he was deeply interested and suggested 
that the reform of the Health Department was directly 
in line with the work of the Association. He suggested 
that I shouuld join the organization and become a mem- 
ber of the “Council of Hygiene,” a committee already in 
operation and named after a French commission, I 
followed his advice, was elected and assigned to the 
Council, and became its secretary.” 

Smiths account goes on to describe how, with the 
help of William Cullen Bryant and the threat of publicity 
in New York's Evening Post, the landlord was “brought 
to terms.” Accorrding to Smith’s obituary in the Trans- 
actions of the American Surgical Association prepared 
by Dr. Charles N. Dowd (Smith died in 1922 at the age 
of 99) formation of New York City, State and National 
Boards of Health were direct outgrowths of this inci- 
dent.? Smith later served as Commissioner of both the 
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City and State Boards of Health and was appointed to 
the National Board by President Rutherford B. Hayes. 
In addition to these activities which also included a 
primary role in developing institutional care for the 
mentally ill, Smith continued work as a practicing surg- 
geon at Bellevue, St. Vincents, Columbus and the City 
Hospitals. At the same time he remained an active 
teacher on the faculty of the Bellevue Hospital Medical 
College. He was particularly well known among sur- 
geons of the day for his textbook, The Principles and 


It appears that there is still plenty of room for the 
involvement of surgeons in matters of community health. 
Faced with questions concerning the wisdom of such 
an undertaking, surgeons may be reassured by recalling 
the origin of the American Public Health Association 
and the career of Stephen Smith. 
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IN 


October 8, 1972 

I should like to make a few comments about i an article 
that. appeared in the Annals of Surges y Vol. 176, July, 
. 1972, page 49. 

Doctors Fleming and Bowen have written a persuasive 
article comparing pressure- -limited and volume-limited 
respirators. I am left with the impression that, in their 
opinion, volume limiting is superior to pressure limiting 
in chest injuries. I recognize that there has been a running 
argument as to the relative benefits of these two modal- 
ities, but I am of the opinion that the argument is 
irrélevant. The important factor involved is the skill 
and. understanding of the Gperator and lis ability to 
tailor the treatment to the patient. 

First, I would like to criticize the selection of machiiies 
used: in accumulating | results and making comparisons. 
On one hand is the Emerson machine designed for in- 
tensive care and having a pressure capability of 65 cm. 
of water pressure. On the other hand, representing the 
pressure-limited group are two units designed primarily 
for IPPB and having pressure capabilities of 40 and 
45 cm. of water. One of the more powerful pressure 
units designed for intensive care was certainly indicated. 

I think it is axiomatic that the pressuré-limiting valve 
on either type of machine niust be set at a level which 
is, in the opinion of the operator, safe for the patient 
being treated. This is especially true of those machines 
which can be triggered by the patient: This being the 
case, I wonder why the volume-limited device was set 
at 65.cm. pressure whereas the pressure-limited units 
were confined to a range between 20 and 25 cm: then 
raised only to 40 cm. when the patient was. allowed to 
get into trouble. I feel safe in saying that if the Emerson 
had ‘been limited to 25 cm. and. had been left there 
during the early phases of treatment, the course of the 
disease in both groups would have been similar, despite 
volume limitation. 

It is quite obvious that neither machine delivers a 
constant volume of gas to the lungs in face of changing 
compliance and airway pressures. The volume-limited 
units, because of their mechanical design, partially com- 


Dear Dr. Rhoads: 
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pensate for decreasing compliance by an increased pres- 
sure. It is this increase in pressure rather than the limita- 
tion of delivered volume that expands (or maintains) 
lung capacity. If exhaled volumes are. measured fre- 
quently (or constantly ) as they should be, volume can 
be maintained. just as readily with the pressure device 
as with the volume-limiting one. Exhaled volume must 
be monitored with the volume machine just as with the: 
pressure machine because it is not able to compensate 
for leaks in the system. Relatively simple, inexpensive 
spirometers that are easily attached to the exhaust mani- 
folds are available for continuous monitoring. 
Compliance will decrease during the early stages of 
any significant ling injury as is demonstrated by the 
cases reported. Since the process is rapidly progressive 
and potentially fatal; it seems to me that blood gas deter- 
minations and exhaled volumes performed twice. daily 
is grossly inadequate. Had observations been made fre- 
quently as is usually recommended, adjustments..in the 
operation of both types of machine would have mini- 
mized complications in those patients on pressure units. 
Patients on the volume units would probably have done 
better. | | . o 
_ In-conclusion, I feel that constant. monitoring -of these 
patients is absolutely essential and either type of machine 
must be adjusted to compensate for rapidly-occurring 
chariges in the patient’s condition. I would prefer that 
the adjustrnents be made, or at least observed, by an 
intelligent and competent person rather than by.a ma- 
chine. Any machine. which has a widely-adjustable flow 
rate, adequate pressure control and full range of oxygen/ 
air mixtures can do the job in proper hands. | . 
We cannot walk into a respiratory I.C.U., write a 
series of fixed orders then get involved in other matters 
and recheck 12 hours later, In those un-monitored hours, 
the lungs have been very busy accumulating fluid arid 
getting stif. Regaining lost ground is extremely dificult 
if not impossible. 
Sincerely yours, 
P. W. Ford, M.D. 
931 Larch Drive- 
Bend, Oregon 97701 
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Dear Dr. Rhoads: January 12, 1973 


Dr. Ford has raised some in teresting points regard- 
ing our paper, and his comments point out the need for 
the following clarifications: 

There is, of course, no wav to substitute a machine 
for skill or knowledge on the part of the physician, An 
optimal machine may, however, free the physician from 
certain routine things. 

The machines used in this study were those available 
to us, rather than those selected by us. However, these 
units are numerically quite representative of the ma- 
chines in use in the United States today. Therefore, the 
choice involved is typical of that faced by most physi- 
cians. 

Dr. Ford is correct that the compliance of the lungs 
being ventilated is important. This was pointed out by 
Peters in 1967, and re-emphasized by us in the dis- 
cussion and bibliography of our article. The volume- 
limited machines all have the capability of maintaining 
an adequate tidal volume despite the variations in com- 
pliance characteristic of acute respiratory failure. Fur- 
thermore, the compensation for a falling compliance is 
largely made automatically by the volume-limited ma- 
chine, and made immediately apparent by a rise in the 
peak pressure shown on a dial easily read by nurses 
and paramedical personnel. By constantly monitoring 
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tidal volume and adjusting peak inspiratory pressure, the 
pressure-limited machine can be made to deliver con- 
sistently adequate tidal volume, However, the use of the 
pressure-limited machine in this way essentially converts 
it to a constant- volume 1 respirator, but requires constant 
measuring and frequent adjusting which the volume- 
limited machine does instantly and automatically. 

Regarding the frequency of measurements of pressure, 
ood gases, etc., we do not mean to imply that twice 
a day is adequate. Each patient must be followed in- 
dividually, and virtually all of our patients were checked 
much more frequently. But for purposes of this protocol, 
the more accurate measurements for research purposes 
were made at least twice a day. 

Given the instrumentation on the machines commonly 
in use today, we would still contend that patients will 
get better care w ith the volume-limited machines, where 
falling compliance will be recognized in seconds or 
santas: and where at least partial compensation for this 
fall in compliance is automatically and instantaneously 
made, These machines will not free the physician from 
his responsibilities; but they will enable him to give 
better care to more patients during the same length of 
time, 

Yours very truly, 
William H. Fleming, M.D. 
John C. Bowen, M. D. 
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Before treatment, necrotic matter coated the After six days of TRAVASE therapy, debridement 


inner surfaces of this decubitus ulcer. is nearly complete and granulation evident. 
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Travase® Ointment brand of Sutilains 


APPLICATION TECHNIQUE: TRAVASE Ointment is indicated as an adjunct 
to established methods of wound care for biochemical debridement. It 
dissolves and facilitates the removal of necrotic tissues and purulent 
exudates. 

TRAVASE enzymes are selective. Virtually inactive on viable tissue. 


When this recommended nursing technique is followed without deviation, 
this procedure can generate visible improvement within 48 hours... 





(Ulcer being irrigated) Thoroughly soak the wound With a sterile cotton swab or 
Thoroughly cleanse and area. Where practical, tubbing finger cot, apply a very thin 
irrigate the wound area using or showering is suitable. Or layer of TRAVASE Ointment. 
only sterile water or sodium wet soaks with gauze pads The ointment spreads easily 
chloride solution. Be sure to may be used. Remember to and only a small amount is 
cleanse the wound of any avoid chemical cleansing needed (a small dab of 
antiseptics or heavy-metal agents which may interfere ointment will cover an area 
antibacterial agents which with the therapy. as big as the back of a hand). 


may interfere with the 
enzyme activity. 


Be sure, though, to rub the 
ointment well into every crack 
or crevice of the wound and 
overlap the surrounding skin 
one-fourth to one-half inch 
beyond the area to be 
debrided—to be sure of 
complete coverage. 





Apply loose, wet dressings, Cover the moist dressings When changing dressing, 
thoroughly soaked in sodium with an occlusive wrap gently wipe away the 
chloride solution or sterile (Saran wrap, Telfa Pads, or dissolved material. Repeat the 
water to the area to be other plastic wrappings) to complete dressing procedure, 
debrided only. keep wound site moist. Do not including application of 
extend occlusive wrap over TRAVASE Ointment, four 
1⁄2 inch beyond area to times daily. 


be debrided. 


The ulcer shown in these photos is simulated on a model in order to demonstrate 
the correct TRAVASE application technique. 
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DESCRIPTION: TRAVASE® (brand of sutilains) Ointment is a sterile 
preparation of proteolytic enzymes, elaborated by Bacillus subtilis, in á 
hydrophobic ointment base consisting of 95% white petrolatum afd 5% 
polyethylene. One gram of ointment contains approximately 82,000 cas 
units* of proteolytic activity. 


ACTION: TRAVASE Ointment selectively digests necrotic soft tissues b 
proteolytic action. It dissolves and facilitates the removal of necrotic 
tissues and purulent exudates that otherwise impair formation of 
granulation tissue and delay wound healing (4). 


At body temperatures these proteolytic enzymes have optimal activity i 
the pH range from 6.0 to 6.8. 


INDICATIONS: For wound debridement (1,2)—-TRAVASE Ointment is 
indicated as an adjunct to established methods of wound care for 
biochemical debridement of the following lesions: 


Second and third degree burns, 

Decubitus ulcers, 

Incisional, traumatic, and pyogenic wounds, 
Ulcers secondary to peripheral vascular disease. 


CONTRAINDICATIONS: Application of TRAVASE (brand of sutilains) 
Ointment is contraindicated in the following conditions: 


Wounds communicating with major body cavities, 
Wounds containing exposed major nerves or nervous tissue, 
Fungating neoplastic ulcers, 


Wounds in women of child-bearing potential—because of lack of 
laboratory evidence of effects of TRAVASE upon the developing fe 


WARNING: Do not permit TRAVASE Ointment to come into contact wit 
the eyes. In treatment of burns or lesions about the head or neck, sho 
the ointment inadvertently come into contact with the eyes, the eyes sf 
be immediately rinsed with copious amounts of water, preferably steril 


PRECAUTIONS: A moist environment is essential to optimal activity of 
enzyme. Enzyme activity may also be impaired by certain agents. In vi 
several detergents and antiseptics (benzalkonium chloride, 
hexachlorophene, iodine, and nitrofurazone) may render the substrate 
indifferent to the action of the enzyme (3). Compounds such as thimere 
containing metallic ions interfere directly with enzyme activity to a 
slight degree, whereas neomycin, sulfamylon-streptomycin, and penicil 
do not affect enzyme activity. In cases where adjunctive topical thera 
has been used and no dissolution of slough occurs after treatment wit 
TRAVASE Ointment for 24 to 48 hours, further application, because of 
interference by the adjunctive agents, is unlikely to be rewarding. 


In cases where there is existent or threatening invasive infection, 
appropriate systemic antibiotic therapy should be instituted concurren# 


Although there have been no reports of systemic allergic reaction in 
humans, studies have shown that there may be an antibody response i# 
humans to absorbed enzyme material. 


ADVERSE REACTIONS: Adverse reactions consist of mild, transient pa 
paresthesias, bleeding and transient dermatitis. Pain usually can be 
controlled by administration of mild analgesics. Side effects severe 
enough to warrant discontinuation of therapy occasionally have occurr 


If bleeding or dermatitis occurs as a result of the application of TRAV 
(brand of sutilains) Ointment, therapy should be discontinued. No syste 
toxicity has been observed as a result of the topical application of 
TRAVASE Ointment. 


Dosage and Administration 


STRICT ADHERENCE TO THE FOLLOWING IS REQUIRED FOR EFFEC 
RESULTS OF TREATMENT 


1. Thoroughly Cleanse and Irrigate Wound Area with sodium chli 
or water solutions. Wound MUST be cleansed of antiseptics ol 
heavy-metal antibacterials which may denature enzyme or alte 
substrate characteristics (e.g., Hexachlorophene, Silver Nitrati 
Benzalkonium Chloride, Nitrofurazone, etc.). 


2. Thoroughly moisten wound area either through tubbing, show! 
or wet soaks (e.g., sodium chloride or water solutions). 


3. Apply TRAVASE Ointment in a thin layer assuring intimate coi 
with necrotic tissue and complete wound coverage extending 
V4 to v2 inch beyond the area to be debrided. 


4. Apply loose wet dressings. 


5. Repeat entire procedure 3 to 4 times per day for best results. 


How Supplied 


3P3002 TRAVASE Ointment is supplied sterile in one-half ounce tubs 
(14.2 g.) containing 82,000 casein units of sutilains per gram 
hydrophobic ointment base. 


The ointment must be stored under refrigeration at 2° to 10° C 
(35° to 50° F). 
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*A casein unit is the amount of enzyme required to produce the same 
optical density at 275 my as that of a solution of 1.5 mcg. tyrosine/m 
after the enzyme has been incubated with 35 mg. of casein at 37° C. 
one minute. 


FLINT LABORATORIE! 
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serious enough for 
FULFACIN (ritrofurazone 


Furacin destroys most surface bacteria, yet 
is gentle to tissues—an important consider- 
ation when preparing burn wounds for skin 
grafting. Its action is not affected by blood, 
pus, or exudates, and development of re- 
sistant strains is unlikely. Furacin seldom 
sensitizes. 


Indications: Adjunctive therapy for 2nd and 3rd degree burns when bacterial resistance to 
other agents is a real or potential problem. Skin grafting where bacterial contamination may 
cause graft rejection and/or donor site infections. Contraindications: Known prior sensitization 
to nitrofurazone. Warnings: Nitrofurazone has been shown to produce mammary tumors 
when fed at high doses to female Sprague-Dawley rats. The relevance of this to topical use 
in humans is unknown. Safe use of nitrofurazone during pregnancy has not been established. 
Use in women of child-bearing age is not recommended unless the therapeutic benefit out- 
weighs the possible risk. Precautions: As with other topical antimicrobial agents, overgrowth 
of resistant organisms may occur. If this occurs, or if irritation, sensitization or superinfection 
develop, treatment with nitrofurazone should be discontinued and appropriate therapy insti- 
tuted. Adverse Reactions: Furacin has not been significantly toxic in man by topical applica- 
tion. Sensitivity is low, with an overall incidence of 1.1 percent. Sensitivity reactions should 
be handled in a normal manner, except in the rare instance of severe contact dermatitis, 
when steroid administration may be indicated. 


® Originators and Developers of The Nitrofurans 


re-dress with Furacin tata aah Products, Inc. 


NORWICH, NEW YORK 13815 


a When life 
hangs on protein intake... 


FreAmine'is life-supportive; 











mixed ina 1 to 1 ratio with 50% dextrose 
in water, FreAmine provides 6.25 g. of 
completely utilizable nitrogen and 
39 g. of protein equivalent per 
1,000 ml, plus 850 total non- 


protein calories. 


FreAmine is the most concentrated i 4 
parenteral source of amino acids 
obtainable for the prevention z 
and treatment of negative nitro- ZA | 
plf 
E, i 
\ 
S 


gen balance. It is a unique mix- 


ture of 8 essential and 7 non- 
ae a Ne \ 























essential amino acids, in 
pure crystalline form to in- 
sure immediate biologic 
availability without sig- 
nificant waste. 


FreAmine is furnished in a 
ready-to-mix kit containing 
everything necessary for 


Ņ\ basic hyperalimenta- 

| tion, including 50% dex- 

trose in water. Find out 

wo more about how McGaw 
) puts it all together—with 


life-supporting I.V. nutrition 
in convenient kit form. 
Contact your McGaw repre- 


sentative or write for 


free brochure. 
McGaw puts it all together. 


FreAmine promotes 
anabolism and tissue 
synthesis even during 
extended periods of I.V. 
nutrition. Its formula 
is based on the two 
international protein 


standards. When 


a 
\ 
E 
With adequate calories and 


other nutrients, when oral \ j 1 AE 
alimentation is not feasible for E 

prolonged periods and/or 
there is impaired gastro- 


® 
intestinal absorption of protein. EE | ne 
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Supports life with pure “en no di \.prevents and treats negative nitrogen balance? 





DESCRIPTION: Each 100 ml. contains: FreAmine Amino Acid 
Mixture*, 8.5 g; Sodium Bisulfite, U.S.P., less than 0.10 g.; Water 
for Injection, U.S.P. q.s., pH adjusted with acetic acid (approxi- 
mately 20 mEq./1. Acetate). 
Approximate concentration of amino acids (g./100 ml.): 
Essential Amino Acids: t-Isoleucine 0.59; t-Leucine 0.77; t-Lysine 
HCl 0.77; Methionine 0.45; t-Phenylalanine 0.48; t-Threonine 
0.34; t-Tryptophan 0.13; -Valine 0.56. 
Nonessential Amino Acids: t-Alanine 0.60; L-Arginine 0.31; 
L-Histidine 0.24; L-Proline 0.95; -Serine 0.50; Aminoacetic Acid 
(Glycine) 1.8; t-Cysteine * HCl + H20 <0.02. Alpha amino nitro- 
gen greater than 80% of total nitrogen present. Concentration of 
Electrolytes (mEq./1.): Sodium 10, Chloride 45. 
8.5% FreAmine Solution is a sterile, nonpyrogenic solution con- 
taining pure crystalline amino acids. A 500 ml. unit provides a 
total of 39 g. of protein equivalent and 6.25 g. of nitrogen. 
ACTIONS: 8.5% FreAmine Solution provides, in concentrated 
form, a physiological ratio of completely utilizable amino acids 
for protein synthesis. Used with concentrated carbohydrate solu- 
tions, e.g., 20 to 50% dextrose solutions, as a source of calories 
plus electrolytes and vitamins, it provides total parenteral nutri- 
tion. 
INDICATIONS: As an adjunct in the prevention of nitrogen loss, 
or in the treatment of negative nitrogen balance in patients 
where: (1) oral alimentation is not feasible for prolonged periods, 
and (2) there is impaired gastrointestinal absorption of protein. 
CONTRAINDICATIONS: 1. Anuria. 2. Hepatic coma. 
WARNINGS: Administration of amino acids to a patient with 
hepatic or renal insufficiency may result in a rise in blood am- 
monia or urea nitrogen. Rare instances of typically asymptomatic 
hyperammonemia have been reported in patients with no evi- 
dence of liver dysfunction receiving total parenteral nutrition. 
Since it appears dose-related, and more likely to develop in in- 
fants on prolonged total parenteral nutrition, conservative doses 
of amino acids should be given and blood ammonia periodically 
measured. If symptomatic hyperammonemia should develop, the 
nitrogen-containing solution should be discontinued and the pa- 
tient’s clinical status reevaluated. 
The safe use of FreAmine in pregnant women has not been 
demonstrated. 
PRECAUTIONS: It is essential to provide adequate calories for 
utilization of amino acids. 
Hypertonic nutrient solutions should be administered through an 
indwelling intravenous catheter with the tip located in the supe- 
rior vena cava. 
HYPERALIMENTATION COMPLICATIONS: Potentially danger- 
ous complications can be minimized by adherence to a careful 
protocol by an experienced team of pharmacist, nurse, and physi- 
cian. 
To prevent sepsis, rigid aseptic technique must be used in solu- 
tion preparation and catheter placement and care. 
The catheter dressing should be aseptically changed every 2-4 
days and whenever contamination is suspected. 
Consult clinical literature for discussion of management of sepsis 
during hyperalimentation. 
The following metabolic complications have been reported; meta- 
bolic acidosis, hypophosphatemia, alkalosis, hyperglycemia and 
glycosuria, osmotic diuresis and dehydration, rebound hypo- 
glycemia, elevated liver enzymes, and electrolyte imbalances. 
Frequent clinical evaluation and laboratory determinations are 
necessary to prevent or minimize these complications. 
ADVERSE REACTIONS: Rare instances of hyperammonemia (see 
Warnings), and minor local reactions consisting of a warm sen- 
sation and erythema when FreAmine and hypertonic dextrose 
were administered by peripheral vein, have been reported. 
DOSAGE AND ADMINISTRATION: Recommended Dietary Al- 
lowances of protein are approximately 0.9 g. per kilogram of body 
weight for a healthy adult and 1.4 to 2.2 g. per kilogram for 
healthy growing infants and children.** Requirements in trauma 
or malnutrition may be substantially increased. During hyper- 
alimentation daily doses of approximately 1.0 to 1.5 g. per kilo- 
gram of body weight for adults and 2 to 3 g. per kilogram of 
body weight for infants are generally sufficient. 
Calorie-to-nitrogen ratios of at least 100 to 150 nonprotein cal- 
ories per gram of nitrogen have been recommended and may be 
provided by concentrated dextrose. 
Sufficient vitamins, electrolytes, principally potassium, magne- 
sium, and phosphate, as well as sodium, calcium, and chloride, 
must be given. Calcium and phosphate may be added to alternate 
infusate bottles to avoid precipitation, and sodium and potassium 
added as acetate or lactate salts to provide bicarbonate precursor. 
Serum electrolytes must be monitored frequently. 
In adults, hypertonic mixtures may be safely administered only 
by continuous infusion through a central venous catheter with 
the tip located in the vena cava. 500 ml. of 8.5% FreAmine Solu- 
tion, appropriately mixed with dextrose, electrolytes, and vita- 
mins, is typically administered over an eight-hour period. Ad- 
ministration rate is governed by protein requirements and glu- 
cose tolerance. Advance dosage slowly with frequent determina- 
tion of urine and blood sugar levels. 
To prevent rebound hypoglycemia, 5% dextrose should be ad- 
ministered when hypertonic dextrose infusions are abruptly dis- 
continued. 
PEDIATRIC DOSAGE AND ADMINISTRATION: Small infants 
(up to 10 kg.) on total parenteral nutrition generally receive 2 to 
3 g. of protein, 100 calories, and 120 to 150 mI. of fluid per kg. of 
body weight per day, provided in a solution of approximately 
21%% FreAmine in 20% dextrose. Advance dosage slowly with 
frequent monitoring. (See Warnings above) 
Large infants and children generally require 50 to 80 calories per 
kg. per day. 
ROUTE: Intravenous. 
CAUTION: Federal (U.S.A.) law prohibits dispensing without 
prescription. 
HOW SUPPLIED: 8.5% FreAmine Solution is supplied sterile and 
nonpyrogenic in 500 ml. intravenous infusion bottles. 
*Crystalline amino acid mixture, isolated and purified from edi- 
ble soybean hydrolysate or synthesized. 
**500 ml. of 8.5% FreAmine Solution contains 6.25 g. of nitro- 
gen, and the equivalent of 39 g. of protein. 


McGAW LABORATORIES 


Division of Americon Hospito!l Supply Corporction 
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A.R.D® 


STERILE 


It holds in place with buttock pressure 
alone. So the unique, anatomically-shaped 
A.R.D. dressing makes changing far 
easier, makes the patient more comfort- 
able. Soft and lint-free with a non-stick 
surface, yet highly absorbent to perspira- 
tion, wound exudates and watery fecal 
discharge. An excellent vehicle for topical 
medication. Supplied sterile in dispenser 
nest of 24 dressings. Write for a free clini- 


cal trial supply. Pat. No. 2,742,042 Re. 24,385 





Ju ler FULLER LABORATORIES, INC. 
Eden Prairie, Minnesota 55343 





Dulcolax retires the 
enema... 


At last... a gentle and reliable way to 
replace the appalling enema. Or the some- 
times lax laxative. Dulcolax suppositories put 
a gentle touch on the colon, producing 
normal peristalsis throughout the large intes- 
tine. Evacuation usually occurs within 15 

to 60 minutes. 


“All-Out” Action: Dulcolax is a hospital / 
office standby for surgery, radiology, proc- 
toscopy. For constipation, acute or chronic, 
almost everyone will prefer Dulcolax to 
enemas or laxatives. And almost anyone can 
take Dulcolax... its only contraindication 
is acute surgical abdomen. 


A final touch: Dulcolax comes in both 
suppositories and tablets. 


Dulcolax oyw 


Suppositories...to replace 
the enema 


Boehringer 
Ingelheim 
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Boehringer Ingelheim Ltd. 
Elmsford, N.Y. 10523 





IMixone vial of ELASE 


powder with 50 to \ Fn“ 


100 mi. of sodium chlo- 
ride solution and satu- 
rate strips of fine-mesh gauze 

with the ELASE/saline solution. 


allow gauze to dry in contact 
vith the lesion (approximately six 

© eight hours). As the gauze dries, 
he necrotic tissues slough and 
»ecome attached to the gauze mesh. 











Pack the ulcerated area with 
the ELASE-saturated gauze 
strips...making sure the satu- 
rated gauze remains in contact 
with the necrotic substrate. (If the 
lesioniscoveredwithaheavyeschar, 7 
it must be removed surgically before — 
wet-to-dry debridement is begun.) 


BNN 


Remove dried gauze. This 
mechanically debrides the 
area. Repeat wet-to-dry 
procedure three to four 
times daily since frequent 
dressing changes greatly 
enhance results. 

Note: After two, three, or four 
days of ELASE wet-to-dry 
dressings (depending onseverity 
of lesion), the area becomes free 
of necrotic material and starts to 
fill in with granulation tissue. 


43A 


the new way is 
wet-to-dry 
„.debridement with 


Elas soluticn 


(fibrinolysin and desoxyribonuclease, 
combined | bovine] ) 


G) 





INDICATIONS: Elase is indicated 
for topical debridement in general 
surgical wounds, ulcerative 
lesions, burns, circumcision and 
episiotomy, and in cervicitis and 
vaginitis. Elase is used as an irri- 
gating agent in infected wounds, 
otorhinolaryngologic wounds, and 
superficial hematomas (except 
when the hematoma is adjacent to 
or within adipose tissue). 


CONTRAINDICATIONS: Elase is 
contraindicated in individuals 
with a history of hypersensitivity 
reactions to any of the compo- 
nents. Elase is not recommended 
for parenteral use since the bovine 
fibrinolysin may be antigenic. 


PRECAUTIONS: The usual precau- 
tions against allergic reactions 
should be observed, particularly 
in persons with a history of sensi- 
tivity to materials of bovine origin 
or to mercury compounds. 

To be maximally effective, Elase 
solutions must be freshly pre- 
pared before use. The loss in 
activity is reduced by refrigera- 


” PARKE-DAVIS 


tion; however, even when stored 
in a refrigerator, the solution 
should not be used 24 hours or 
more after reconstitution. 


ADVERSE REACTIONS: Side 
effects attributable to the enzymes 
have not been a problem at the 
dose and for the indications 
recommended. With higher con- 
centrations, local hyperemia may 
be a side effect. 


HOW SUPPLIED: Elase (powder) 
is supplied dried in 30-cc. rubber- 
diaphragm-capped vials contain- 
ing 25 units (Loomis) of fibrinolysin 
and 15,000 units (modified 
Christensen method) of desoxyri- 
bonuclease with 0.1 mg. thimerosal 
(mercury derivative). 

Elase Ointment is supplied in 
30-Gm. tubes containing 30 units 
(Loomis) of fibrinolysin and 
20,000 units of desoxyribonu- 
clease with 0.12 mg. thimerosal 
and in 10-Gm. tubes containing 
10 units of fibrinolysin and 6,666 
units of desoxyribonuclease with 
0.04 mg. thimerosal. 


Parke, Davis & Company, Detroit, Michigan 48232 HF 






ONE VIAL 


ELASE' 


Ú PBRINOLYSIN AND BESON 
| RIBONUCLEASE, COMBINT) 








> (BOVINE) 

= CAUTION—Federa!l law pais 

© dispensing without prescripti 

Store at no warmer Ba 
30°C. (86°F.). 
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more than lO years of clinical experience * 





Keflin LV. 


sodium cephalothin 


2 Gm.* in 100-mi. ampoule 


for sepsis ANC 
oOneuMonias' 


Over the years, Keflin has been, and 
continues to be, a logical choice of surgeons 
for the treatment of sepsis and pneumonias 
with or without septicemia or shock when due 
to susceptible strains of Klebsiella, Escherichia 
coli, and Proteus mirabilis. Pseudomonas is 
resistant, many strains of enterococci, such as 
Streptococcus faecalis, are relatively resistant. 
Kefin is contraindicated in persons who have 
shown hypersensitivity to cephalosporins and 
should be used with great caution in patients 
allergic to penicillin. 


The prompt administration of Keflin has 
proved to be useful in the hospital for the 
treatment of sepsis, particularly if shock is 


SUGS585 


present or impending. Furthermore, it may even 
be given to: 
e patients with impaired renal function, at 
reduced dosage 
e patients with low host resistance 


e those with coexisting complications, such 
as malnutrition, trauma, and malignancy 


since the introduction of Keflin, the 
susceptibilities of commonly encountered 
organisms, as measured by in-vitro methods, 
have not changed significantly. 


“equivalent to cephalothin 
Tdue to susceptible organisms 


* Keflin was made available for clinical investigation 
eariy in 1962 and was marketed on September 4, 1964. 


Lilly 


Please turn page for prescribing information. 


Description: Keflin® (sodium cephalothin, 
Lilly) is a semisynthetic cephalosporin 
antibiotic for parenteral use. It is the so- 
dium salt of 7-(thiophene-2-acetamido) 
cephalosporanic acid. The sodium content 
is 55 mg. per Gm. of cephalothin. 


Actions: Microbiology—The bactericidal ac- 
tion of cephalothin results from inhibitiom 
of cell-wall synthesis. In-vitro and in-vivo 
activity has been demonstrated against 
strains of the following micro-organisms: 
Staphylococcus aureus (penicillin-sen- 
sitive and penicillinase-producing) 
Beta-hemolytic and other streptococci 
(many strains of enterococci, e.g., 
Streptococcus faecalis, are relatively 
resistant) 
Pneumococci 
Clostridia 
Hemophilus influenzae 
Neisseria gonorrhoeae 
Escherichia coli and other coliform bac- 
teria 
Klebsiella-Enterobacter sp. 
Proteus 
Salmonella sp. 
Shigella sp. 


Indications: Keflin is indicated in the treat- 
ment of serious infections of the respira- 
tory tract, genito-urinary tract, soft tissue 
and skin, gastro-intestinal tract, bones 
and joints, bloodstream, and cardiovascu- 
lar system due to susceptible organisms. 
Also, it has been effective in cases of peri- 
tonitis, septic abortion, and staphylococcal 
and pneumococcal meningitis. Effective- 
ness has not been established in other 
types of meningeal infection. 

Appropriate culture and susceptibility 
studies should be performed to determine 
susceptibility of the causative organism to 
Keflin. 


Contraindication: Keflin is contraindicated 
in persons who have shown hypersensitiv- 
ity to cephalosporin antibiotics. 


Warnings: IN PENICILLIN-SENSITIVE PA- 
TIENTS, CEPHALOSPORIN C DERIVATIVES 
SHOULD BE USED WITH GREAT CAUTION. 
THERE IS CLINICAL AND LABORATORY EVI- 
DENCE OF PARTIAL CROSS-ALLERGENICITY 
OF THE PENICILLINS AND THE CEPHALO- 
SPORINS. INSTANCES OF PATIENTS WHO 
HAVE HAD SEVERE REACTIONS TO BOTH 
DRUGS, INCLUDING DEATH FROM ANAPHY.- 
LAXIS, HAVE BEEN REPORTED. 


Any patient who has demonstrated some |$ : 


form of allergy, particularly to drugs, 


should receive antibiotics cautiously and ; + 
then only when absolutely necessary. No 4 






taining 4 to 6 Gm. of cephalothin may re- 
duce the incidence of thrombophlebitis. 
The use of small I.V. needles in the larger 
available veins may be preferred. 

Prolonged use of Keflin® (sodium cepha- 
lothin, Lilly) may result in the overgrowth 
of nonsusceptible organisms. Constant ob- 
servation of the patient is essential. If su- 
perinfection occurs during therapy, appro- 
priate measures should be taken. 

A false-positive reaction for glucose in 
the urine may occur with Benedict’s or 
Fehling’s solution or with Clinitest® tab- 
lets but not with Tes-Tape® (urine sugar 
analysis paper, Lilly). 


Adverse Reactions: Hypersensitivity— 
Maculopapular rash, urticaria, reactions 
resembling serum sickness, and anaphy- 
laxis have been reported. Eosinophilia and 
drug fever have been observed to be asso- 
ciated with other allergic reactions. These 
reactions are most likely to occur in pa- 
tients with a history of allergy, particu- 
larly to penicillin. 


Blood—Neutropenia and hemolytic ane- 
mia have been reported. Some individuals, 
particularly those with azotemia, have de- 
veloped positive direct Coombs tests dur- 
ing cephalothin therapy. 


Liver—Transient rise in SGOT has been 
noted. 


Kidney —Rise in BUN has been ob- 
served; however, some patients with ele- 
vated BUN at the beginning of cephalo- 
thin therapy have had values return to 
normal during treatment. 


Local Reactions—Pain, induration, ten- 
derness, and elevation of temperature 
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exception should be made with regard to % Va 


Keflin. 


Usage in Pregnancy—Safety of this prod- 
uct for use during pregnancy has not 
been established. 


Precautions: Patients should be followed 
carefully so that any side-effects or un- 
usual manifestations of drug idiosyncrasy 
may be detected. If an allergic reaction to 
Keflin occurs, the drug should be discon- 
tinued and the patient treated with the 
usual agents (e.g., epinephrine, antihista- 
mines, pressor amines, or corticosteroids). 

When Keflin is administered to patients 
with transient or persistent reduction of 
urinary output due to impaired renal func- 
tion, the total daily dose should be re- 
duced. Careful clinical observation and 
laboratory studies should be made, be- 
cause higher and more prolonged systemic 
antibiotic concentrations can occur (see 
Administration and Dosage below). 

When intravenous doses of cephalothin 
larger than 6 Gm. daily are given by in- 
fusion for periods longer than three days, 
they may be associated with thrombophle- 
bitis, and the veins may have to be alter- 
nated. The addition of 10 to 25 mg. of hy- 
drocortisone to intravenous solutions con- 









have been reported following repeated in- 
tramuscular injections. Thrombophlebitis 
has occurred and is usually associated 
with daily doses of over 6 Gm. given by 
infusion for more than three days. 


Administration and Dosage: /n adults, the 
usual dosage range is 500 mg. to 1 Gm. 
of cephalothin every four to six hours. A 
dosage of 500 mg. every six hours is ade- 
quate in uncomplicated pneumonia, fu- 
runculosis with cellulitis, and most uri- 
nary tract infections. In severe infections, 
this may be increased by giving the injec- 
tions every four hours or, when the de- 
sired response is not obtained, by raising 
the dose to 1 Gm. In life-threatening infec- 
tions, doses up to 2 Gm. every four hours 
may be required. 


In infants and children, the dosage 
should be proportionately less in accord- 
ance with age, weight, and severity of in- 
fection. Daily administration of 50 mg. 
per Kg. (40 to 80 mg. per Kg. or 20 to 40 
mg. per pound) in divided doses has been 
found effective for most infections sus- 
ceptible to Keflin. 

For additional information regarding 
dosage and administration, see package 
literature. 


How Supplied: Ampoules Keflin® (Sterile 
Sodium Cephalothin, U.S.P.), equivalent 
to 1 Gm. cephalothin, 10-ml. size, rubber- 
stoppered, in packages of 1 and eggcrate 
cartons of 25; equivalent to 2 Gm. ceph- 
alothin, 100-ml. size, rubber-stoppered, in 
packages of 1 and eggcrate cartons of 10; 
equivalent to 4 Gm. cephalothin, 50-ml. 
size, rubber-stoppered, in packages of 1 
and eggcrate cartons of 10. [013173] 





Keflin I.V. 


sodium cephalothin 


2 Gm* in 100-ml. ampoule 


* equivalent to cephalothin 





lOyears of 


CINICO 
exoerence 


Additional information 
available to the 
profession on request. 


Ce Eli Lilly and Company 
~» Indianapolis, Indiana 46206 


300767 


. ACTIVE 
granulomatous 
or ulcerative 

colitis ?* 


IN ANY case... 
when numhonal 
supplementation 
IS INAICated 


Berocca is thera 


tablets 


With balanced, high potency B-complex 


and C vitamins...No odor... 


Virtually no aftertaste... Lowest priced 


Rx formula. 


Please see complete product information, 
a summary of which follows: 


Each Berocca Tablet contains: 


Thiamine mononitrate (Vitamin B;)......... 15mg 
Riboflavin (Vitamin Bz) .............000... 15mg 
Pyridoxine HCI (Vitamin Bs).............. 5mg 
MIAGINENNIG iene bi wox ee oo a a aA 100 mg 
Calcium pantothenate ................... 20mg 
Cyanocobalamin (Vitamin Bi2)............ 5meg 
PONG e o hoc His sb hb gaa bee ee na ees 0.5mg 
Ascorbic acid (VitaminC)................. 500 mg 








py 


Indications: Nutritional supplementation in 
conditions in which water-soluble vitamins are 
required prophylactically or therapeutically. 


Warning: Not intended for treatment of pernicious 
anemia or other primary or secondary anemias. 
Neurologic involvement may develop or progress, 
despite temporary remission of anemia, in 
patients with pernicious anemia who receive 
more than 0.1 mg of folic acid per day and who are 
inadequately treated with vitamin Bio. 


Dosage: 1 or 2 tablets daily, as indicated by 
clinical need. 


Available: In bottles of 100. 


ROCHE LABORATORIES 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 
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For 2000 years, catgut was 
the best absorbable suture you 
could use. And the only. 
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But that was before DEXON: 
polyglycolic acid suture. 


Down through the centuries, gut generally did a decent 
enough job. Generdlly. But now there's DEXON. This is a 
suture you can count on. For strength. For predictable 
absorption. For minimal tissue reaction. 
For ease of handling. 

Let your Davis & Geck salesman prove to you how 

excellent DEXON is.- He'll show you that, with DEXON, 

tomorrows suture is already here. 


The future is with 


DEXON 


See next PAgeEe for 
complete product information 
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Complete Product information— 
Approved Official Package insert 


DESCRIPTION DEXON"*palyglycolic 
acid Suture— Synthetic, Absorbable 
is a homopolymer of glycolic acid. 
The sutures are sterile, inert, noncol- 
iagenous, nonantigenic, nonpyro- 
genic, flexible, braided. undyed 
with a natural beige color. They are 
uniform in size and tensile strength, 
but are smaller in diameter than 
Absorbable Surgical Sutures of 
equivalent tensile strength. 


ACTIONS When DEXON is placed in 
tissues, a minimal tissue reaction 
occurs which is followed by a micro- 
scopic layer of fibrous connective 
tissue which grows into the suture 
material. Clinical experience, con- 
firmed by animal studies, revealed 
no absorption at 7 days, minimal 
absorption at 45 days, maximum 
absorption at 30 days, and essential- 
ly complete resorption after 60 to 

90 days. Therefore; the suture may ke 
expected to maintain optimum 
strength during the critical early post- 
operative healing phase. 


INDICATIONS This suture may be 
used in blood vessel ligation or tissue 
repair, including skin, where absort:- 
able or nonabsorbable sutures are 
required, The suture may be removed 
or left in place until itis completely 
adsorbed. 


CONTRAINDICATIONS Where ex- 
tended approximation of tissues must 
be maintained. 


WARNINGS The safe use of this 
suture in cardiovascular, neural, and 
ophthalmological surgery has not 
been established. Do not resterilize. 
Discard opened, unused sutures. 


PRECAUTIONS As with alll sutures, 
acceptable surgical practice must 
be followed with respect to drainage 
and closure of infected wounds. 
DEXON polyglycolic acid Suture— 
Synthetic, Absorbable requires 
special care in placing the first knot. 
In rare instances disintegration of the 
sutures may be prolonged. 


ADVERSE REACTIONS Aciverse reac- 
tions have been rare and are similar 
to those which occur with all sutures; 
they include tissue reaction or inflam- 
mation and fidrinous or granulation 
tissue. Wound separation and bleed- 
ing have occured infrequently. 
DOSAGE AND ADMINISTRATION 

Use as required per operation. 

HOW SUPPLIED Suture sizes 6-0 
through 4. Supplied in cut lengths or 
ligating reels, non-needied or affixed 
to the various Davis & Geck 
ATRAUMATIC® needles in three 
dozen packages. Rev 6/72 


DE DAVIS+GECK 


American Cyanamid Company 
Pear River, N.Y. 10965 


._ Progress 
IN Surgery 


Editorial Board: 
M. AligGwer (Basel); S.-E. Bergentz (Malmö) 
R.Y. Caine (Cambridge); U.F. Gruber (Basel) 


This series of annual volumes assists general and 
specialized surgeons in staying informed on ‘what's new 
in surgery’ by providing original reviews from 
outstanding experts in their respective fields as well as 
frequent discussions of controversial themes by 
authorities expressing differing viewpoints. 

The editorial board, in preparing the annual volume, 
selects several papers on subjects of general intérest 
where important discoveries have recently been 
reported or new insight into diagnosis or therapy have 
brought about direct and immediate consequences 

for the surgeon's daily work. In sum, basic knowledge 
in addition to technical know-how at the post- 
graduate level is transmitted through the richly-illustra- 
ted volumes of ‘Progress in Surgery’. 


Selected Contributions Already Published in the Series 
Crohn's Disease, with Special Reference to Surgical 
Management l 

Goligher, J.C., De Dombal, F.T. and Burton, 1. 

New Aspects of the Pathogenesis of Thrombo-Embo- 
lism 

Nilsson, LM. and Isacson, S. 

Atelectasis in the Surgical Patient. Recent Conceptual 
Advances 

Laver, M.B. and Bendixen, H.-H. 

Strictures of Bile Ducts 

Smith, R. 

Pathophysiological Aspects on Surgical Treatment of 
Thyroid Disease 

Heimann, P. 


For further information please request a detailed 
prospectus 


S. Karger AG 
Arnoid-Bocklin-Strasse 25 
CH—4011 Basel (Switzerland) 


S.Karger Basel London 
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soimportant 


in the hospital 


just as useful 


in the office 





Clinical trial experience 


Clinical trials establish the usefulness of 


Keflex in both the hospital and the office. 


Effective in an important range of 
_ infections 

_ Keflex is appropriate in a variety of 
infections that are treated in office 
practice: 

Respiratory infections, such as 
bronchitis, pneumonia, and 
bronchopneumonia, due to susceptible 
strains of Diplococcus pneumoniae 

Urinary tract infections caused by 
susceptible strains of Escherichia coli, 
Proteus mirabilis, or Klebsiella sp. 

Skin and soft-tissue infections due to 
susceptible strains of staphylococci, 
including coagulase-positive, coagulase- 
negative, and penicillinase-producing 
strains 


High blood levels, bactericidal 
activity in vitro 

With Keflex, peak serum levels are 
reached in one hour. For example, 
following a single 500-mg. dose, average 
peak serum levels are approximately 

18 mcg. per ml, 

In addition, in-vitro studies 
demonstrate that the cephalosporins 
exhibit bactericidal activity (by 
inhibition of cell-wall synthesis) against 
susceptible organisms. (The in-vivo 
mechanism cannot be determined, of 
course, because no method exists for 
clinical demonstration.) 


Acid stable, rapidly absorbed 


Because Keflex is acid stable, it may be 
given without regard to meals. 
Furthermore, it is rapidly absorbed after 
oral administration. 


A good choice in the office 

There are a host of reasons for 
“prescribing Keflex with confidence in the 
office. That’s why it is so often a good 
first choice when indicated. 


Note: Keflex is contraindicated in 
patients with known allergy to 
cephalosporins and should be used with 
great caution in patients allergic to 
penicillin. The most frequent side-effects 
are gastro-intestinal. 


Prescribing Information 

Description: Keflex is a semisynthetic cephalo- 
sporin antibiotic intended for oral administration. 
It is 7-(D-a-amino-a-phenylacetamido)-3-methyl- 
3-cephem-4-carboxylic acid, monohydrate. 
Actions: Human Pharmacology--Keflex is acid 
stable and may be given without regard to meals. 
It is rapidly absorbed after oral administration. 
Following doses of 250 and 500 mg., average peak 
serum levels of approximately 9 to 18 mcg. per 
mi. respectively were obtained at one hour. Meas- 
urable levels were present six hours after admin- 
istration. Over 90 percent of the drug is excreted 
unchanged in the urine within eight hours. Peak 
urine concentrations are approximately 1,000 mcg. 
per ml. during this period following a 250-mg. 
dose. 

Microbiology—In-vitro tests demonstrate that 
the cephalosporins are bactericidal because of 
their inhibition of cell-wall synthesis. Keflex is 
active against the following organisms in vitro: 

Beta-hemolytic streptococci/Staphylococci, in- 

cluding coagulase-positive, coagulase-negative, 

and penicillinase-producing strains/Diplococcus 
pneumoniae/Escherichia coli/Proteus mirabilis/ 

Klebsiella sp. 

Note—Most strains of enterococci (Streptococ- 
cus faecalis) and a few strains of staphylococci are 
resistant to Keflex. It is not active against most 
strains of Enterobacter sp., Pr. morganti, and Pr. 
vulgans. It has no activity against Pseudomonas 
or Herellea species. When tested by in-vitro 
methods, staphylococci exhibit cross-resistance 
between Keflex and methicillin-type antibiotics. 
Indications: Keflex is indicated for the treatment 
of the following infections when caused by suscep- 
tible strains of the designated micro-organisms: 

Respiratory tract infections caused by D. pneu- 

moniae and group A beta-hemolytic strepto- 
cocci (Penicillin is the usual drug of choice in 
the treatment and prevention of streptococcal 
infections, including the prophylaxis of rheu- 
matic fever. Keflex is generally effective in the 
eradication of streptococci from the naso- 
pharynx; however, substantial data establish- 
ing the efficacy of Keflex in the subsequent 
prevention of rheumatic fever are not avail- 
able at present.) 

Skin and soft-tissue infections caused by 

staphylococci and/or streptococci 

Genito-urinary tract infections, including acute 

prostatitis, caused by Esch. coli, Pr. mirabilis, 
and Klebsiella sp. 

Note Culture and susceptibility tests should be 

initiated prior to and during therapy. Renal func- 
tion studies should be performed when indicated. 
Contraindication: Keflex is contraindicated in 
patients with known allergy to the cephalosporin 
group of antibiotics. 
Warnings: IN PENICILLIN-ALLERGIC PATIENTS, 
CEPHALOSPORIN C DERIVATIVES SHOULD BE USED 
WITH GREAT CAUTION. THERE IS CLINICAL AND 
LABORATORY EVIDENCE OF PARTIAL CROSS- 
ALLERGENICITY OF THE PENICILLINS AND THE 
CEPHALOSPORINS, AND THERE ARE INSTANCES 
OF PATIENTS WHO HAVE HAD REACTIONS TO 
BOTH DRUGS (INCLUDING FATAL ANAPHYLAXIS 
AFTER PARENTERAL USE). 

Any patient who has demonstrated some form 
of allergy, particularly to drugs, should receive 
antibiotics cautiously and then only when abso- 
lutely necessary. No exception should be made 
with regard to Keflex. 


*Kefiex 
= Pulvules* 


/ cephalexin monohydrate 


Usage in Pregnancy—Safety of this product for 
use during pregnancy has not been established. 
Precautions: Patients should be followed carefully 
so that any side-effects or unusual manifestations 
of drug idiosyncrasy may be detected. If an allergic 
reaction to Keflex occurs, the drug should be dis- 
continued and the patient treated with the usual 
agents {e.g epinephrine, antihistamines, pressor 
amines, or corticosteroids). 

Prolonged use of Keflex may result in the over- 
growth of nonsusceptible organisms. Careful ob- 
servation of the patient is essential. If superinfec- 
tion occurs during therapy, appropriate measures 
should be taken. 

Positive direct Coombs tests have been reported 
during treatment with the cephalosporin anti- 
biotics. In hematologic studies or in transfusion 
cross-matching procedures when antigiobulin 
tests are performed on the minor side or in 
Coombs testing of newborns whose mothers have 
received cephalosporin antibiotics before parturi- 
tion, it should be recognized that a positive 
Coombs test may be due to the drug. 

Keflex should be administered with caution in 
the presence of markedly impaired renal function. 
Uncer such conditions, careful clinical observation 
and laboratory studies should be made because 
safe dosage may be lower than that usually recom- 
mended. 

Indicated surgical procedures should be per- 
formed in conjunction with antibiotic therapy. 

As a result of administration of Keflex, a false- 

positive reaction for glucose in the urine may 
occur. This has been observed with Benedict's and 
Fehling’s solutions and also with Clinitest® tablets 
but not with Tes-Tape” (urine sugar analysis 
paper, Lilly). 
Adverse Reactions: Gastro-Intestinal--The most 
frequent side-effect has been diarrhea. It was very 
rarely severe enough to warrant cessation of ther- 
apy. Nausea, vomiting, dyspepsia, and abdominal 
pain have also occurred. 

Hypersensitivity — Allergies (in the form of rash, 
urticaria, and angioedema) have been observed. 
These reactions usually subsided upon discontinu- 
ation of the drug. . 

Other reactions have included genital and anal 
pruritus, genital moniliasis, vaginitis and vaginal 
discharge, dizziness, fatigue, and headache. Eosin- 
ophilia, neutropenia, and slight elevations in 
SGCT and SGPT have been reported. 
Administration and : Keflex is adminis- 
tered orally. The adult dosage ranges from 1 to 4 
Gm. daily in divided doses. The usual adult dose 
is 250 mg. every six hours. For more severe infec- 
tions or those caused by less susceptible organ- 
isms, larger doses may be needed. If daily doses of 
Keflex greater than 4 Gm. are required, parenteral 
cephalosporins, in appropriate doses, should be 
considered. 

The recommended daily dosage fer children is 
25 to 50 mg. per Kg. divided into four doses. 

In severe infections, the dosage may be doubled. 

In the treatment of beta-hemolytic streptococcal 
infections, a therapeutic dosage of Keflex should 
be administered for at least ten days. 

How Supplied: Pulvules® Keflex? {cephalexin 
monohydrate, Lilly), equivalent to 250 or 500 mg. 
cephalexin, in bottles of 24 and 100 and in Identi- 
Dose* (unit dose medication, Lilly} in boxes of 100. 

Ketlex, for Oral Suspension, equivalent to 125 
mg. cephalexin per 5-ml. teaspoonful, in 60 and 
100-ml.-size packages and in Identi-Dose in pack- 
ages of 100. 

Keflex, for Pediatric Drops, equivalent to 100 
mg. cephalexin per ml. (5 mg. per drop), in 10-ml.- 
size packages, with dropper calibrated at 25 and 
50 meg. pirre] 


so often a good first choice 


Additional information available to the profession on request. 


Lilly 


Eli Lilly and Company « Indianapolis, Indiana 46206 


300941 





Burns 


When parenteral analgesia 
is no longer required, 
Empirin Compound with 
Codeine usually provides the 
relief needed. 


H RE 
i Sutures 





Empirin Compound with 
Codeine is effective for 
visceral as well as soft tissue 
pain—provides an antitussive 
bonus in addition to its 
prompt, predictable 
analgesia. 


ill prescribing convenience: 
up to 5 refills in6months, 
at your discretion (unless 
restricted by state law); by 


telephone order in many states. 


Empirin Compound with 
Codeine No. 3, codeine 
phosphate* 32.4 mg. (gr. ¥2); 
No. 4, codeine phosphate* 
64.8 mg. (gr. 1).*Warning — 
may be habit-forming. Each 
tablet also contains: aspirin 
gr. 3¥2, phenacetin gr. 242, 
caffeine gr. 1⁄2. 


hea’ Burroughs Wellcome Co. 
Research Triangle Park 


Wellcome / North Carolina 27709 





Healing nicely, 
but it still 





EMPIRIN 
COMPOUND 
č CODEINE 


#3, codeine phosphate* (32.4 mg.) gr. Y2 
#4, codeine phosphate* (64.8 mg.) rat 
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Now! Microbicidal power 
In convenient 


BETADINE ‘disposables’ 


BETADINE Antiseptic Gauze Pad 
BETADINE Solution Swabsticks 
BETADINE Solution Swab Aid 














Tossce! Mearoncetal reisg 


BETADINE Antiseptic Gauze Pad bemmmma 
Topical microbicidal dressing (3” x 9”) 

impregnated with the same active ingredient as in BETADINE 
Solution...for prevention and treatment of surface infections 


...degerming the skin and disinfecting wounds, burns, 
lacerations and abrasions. 







BETADINE 


Solution Swabsticks 
Antiseptic applicator tips for 
hard-to-reach smaller sites, in- 
cluding folds and creases. Use for 
degerming the skin prior to injec- 
t. tions, aspirations, surgery, uri- 
Pa nary catheterization; in disinfection of skin 
ponition in minor wounds; in preoperative oral tissue 
sen degerming; preparing skin for dressing changés. 


CONTAINS & SWASSTIOKS 


BETADINE 
Solution Swab Aid 


Small single-use antiseptic pad for prompt degerming of 
small skin areas prior to such procedures as injections, 
aspirations, catheterization and surgery . . . and in cuts, 
minor wounds, burns, lacerations and abrasions. 





Purdue Frederick 
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It can make the patient eat himself alive. 


After major surgery, the patient may burn up 
3000 Calories a day. Clear liquid diets given after 
such surgery supply a few hundred Calories... 
and very little else. To make up the energy deficit, 
patients soon start to consume their own body 
protein. 

With Vivonex HN you can give the patient 
3000 Calories, 20 grams of usable nitrogen (equal 
to 125 grams of usable protein), and a balanced 
diet of elemental nutrients each day. (Evidence 
of minimal G.I. function must exist.) 

Vivonex HN raises total protein levels... 
helps restore positive nitrogen balance...helps 
prevent the rapid protein wastage that may re- 
tard post operative healing and recovery. 

Vivonex HN is an alternative to the risks of 
intravenous hyperalimentation because it con- 
sists solely of basic nutrients requiring little or 
no digestion: pure amino acids, simple sugars, 
essential fat, vitamins and minerals. Absorption 
takes place rapidly and completely in the upper 
intestine. There is no indigestible matter. 

Ideal for tube feeding, Vivonex HN is easily 
fed through small-gauge tubes. It may also be 
served as a drink (Vivonex HN is unflavored). 
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Supplied in boxes containing ten 80-gram packets of unflavored water-soluble 
iene eee ng 3000 Calories, 20 grams of usable nitrogen and a full day's 
alanced nutrition, including the Recommended Daily Allowances of vitamins 
and minerals. 
Precautions: For use only under a physicians supervision. Do not administer 
p irenterally. Because of the high caloric contribution from carbohydrates some 
depleted individuals may Rea. elevated blood sugar levels requiring insulin 
ae regulation. The diet should not be used by diabetics without their physi- 
cians approval. The electrolyte content of the diet is based on requirements of 
1ormal individuals and may be excessive for patients with electrolyte imbalance 
Use during pregnancy or lactation may require supplemental vitamins and 
ninerals. Use for children under ten years may require adjusting the amount 
consumed daily to meet the Recommended Dietary Allowance for the age group 
nvolved. Vivonex HN High Nitrogen Diet is recommended for up to two months 
of continuous use. Store in a cool dry place 





Are you taking advantage of these nutritional information services? 
Æ Eaton Nutrition Teaching Films 

® The Eaton Nutrition Speakers Bureau 

Nutrition 


@ Eaton In-Service Programs- 
Æ Intake: Perspectives in Clinical Nutrition (monographs) 

Detailed information about any of these programs is available from your 
local Eaton Representative or direct from Eaton Laboratories 








For ‘round-the-clock medical consultation on Eaton products, ‘phone Norwich, 
New York, Area Code 607,335-2111. © Morton-Norwich Products, Inc. 1972 


® Originators of chemically defined diets 
al 


Eaton Laboratories 
You can help close this or gap with 
soluble powder the only chemically defined elemental high nitrogen diet 


division of Morton-Norwich Products, Inc 
The only oral hyperalimentation 





Norwich, New York 13815 











..bbecause patients 
respect your judgment, 
trust your experience 


ET 


65 mg. propoxyphene hydrochloride, 227 mg. aspirin, 
162 mg. phenacetin, and 32.4 mg. caffeine 


2) made in the Lilly tradition 


| La | Eli Lilly and Company 
Indianapolis, Indiana 46206 


301024 





situation: 


Post-operative...recent surgery... 


still confined to bed... 
or restricted ambulation... 





constipation: 


Constipating analgesics and sedatives... 
immobilization...reduced food and fluid 
intake... constipation common... fecal 
impaction a threat to be avoided... 


laxation: 


Gentle and predictable with 
colon-specific SENOKOT Tablets/ 
Granules. Virtually free from side 
effects in appropriate dosage. 


Supplied: SENOKOT Tablets 
(small, easy-to-swallow)—Botties 
of 50 and 100. SENOKOT 
Granules (delicious, cocoa- 
flavored)—4, 8 and 16 ounce 

(1 Ib.) canisters. 


Senokot 


(standardized senna concentrate) 


Tablets/ Granules 
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for bronchopulmonary mucolysis 


new double-blind cross-over 
investigations” confirm: 


MYST eerste 


MUCO 
HIGHLY EFFECTIVE 


SALINE HIGHLY 
INEFFECTIVE 








BRIEFLY... 
Acompilation of studies compared saline’ and Mucomyst’ in a total of 153 patients 


Diagnoses of stable chronic obstructive lung diseases included chronic asthmatic 
bronchitis, emphysema, and emphysema with bronchitis 


Investigation thoroughly covered the areas of safety, pulmonary function, sputum 
volume and viscosity, subjective symptoms, and sputum cytology 


Detailed analysis of the results in one study with 24 patients demonstrated that 
four primary parameters of efficacy actually worsened with normal saline and 
all four significantly improved with 10% Mucomyst 


*Data on file, Medical Research Department, Mead Johnson Research Center, Evansville, Indiana. 
+Either alone or combined with isoproterenol. 
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ES COUGH FREQUENCY SPUTUM VISCOSITY 

‘ae at first decreased, then increased increased with saline...significantly 
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with Mucomyst . 








E EXPIRATORY PHASE | 
iii PROLONGATION | 
i a good index of airways obstruction— 

| | WHEEZE SEVERITY increased or remained unchanged 

g increased with saline...signiticantly with saline...significantly reduced | 
g reduced with Mucomyst with Mucomyst g 









One double-blind cross-over study which included analysis of 52 variables 
compared the effects of one week of normal saline therapy with the effects of one 
week of 10% Mucomyst in each of 24 patients. 


While large changes cannot be expected after one week's therapy in patients 
with stable chronic obstructive lung disease, of the variables that changed 
significantly with saline therapy, more worsened 
than improved. However, of the variables that 
changed significantly with Mucomyst, the 

great majority were improvements in the 
patients’ status. 

















CONCLUSIONS 

e Mucomyst decreases sputum viscosity— saline at best effects no change 

e Mucomyst reduces frequency of cough and severity of wheezing —saline 
increases them 

e Mucomyst reduces the length of the expiratory phase —saline causes no change 
or increases it 


Therapeutic compatibility of Mucomyst with isoproterenol and other broncho- 
dilators has been demonstrated in double-blind controlled studies totaling 134 
patients. No untoward effects requiring cessation of Mucomyst therapy were 

reported in these patients. 
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sema, chronic bronchitis, asthmatic bronchitis, and bronchiectasis); acute bronchopulmonary disease (pneumonia, bronchitis, and | 
tracheobronchitis); tracheostomy care; facilitation of bronchial studies; maintenance of an open airway during anesthesia; and to help 
control pulmonary complications of cystic fibrosis. Contraindications: Mucomyst is contraindicated in those patients-who are sensitive to it. 
Warnings: After proper administration of acetylcysteine, an increased volume of liquefied bronchial secretions may occur. When cough is inadequate, the 
open airway must be maintained by mechanical suction if necessary. When there is a large mechanical block due to foreign body or local accumulation, the 
airway should be cleared by endotracheal aspiration, with or without bronchoscopy. Asthmatics under treatment with Mucomyst should be watched carefully. If 
bronchospasm progresses, this medication should be immediately Gaccttoed haverse Effects: Adverse effects have included stomatitis, nausea 
and rhinorrhea. Sensitivity and sensitization to Mucomyst have been reported very rarely. A few susceptible patients, particularly asth- | 
matics (see Warnings), may experience varying degrees of bronchospasm associated with the administration of nebulized acetylcysteine. | 
Most patients with bronchospasm are quickly relieved by the use of a bronchodilator given by | 


nebulization. Administration: Mucomyst may be administered by nebulization into a tent, Croup- 
ette, face mask, or mouthpiece, or by direct instillation. Mucomyst should not be placed directly into the M Bd 
chamber of a heated (hot pot) nebulizer. Complete details on dosage, administration, and compatibility | | | 


are included in the package insert. Additional information may be obtained from Mead Johnson 
Laboratories. Supplied: Mucomyst” -10 (acetylcysteinej a sterile 10% solution in vials of 10 ml.and30 LABORATORIES 
mi.: Mucomyst* (acetyicysteine) a sterile 20% solution in vials of 10 ml. and 30 ml. 
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To make it easy to don, a surgeons’ glove 
has to be powdered. Unfortunately, how- 
ever, it’s a practice that can lead to 
powder granuloma. 
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our disposable Seamless Dual-Finish™ 
Surgeons’ Glove, is create a glove with 
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won't adhere. The result is a glove that's 
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to contaminate the operative field! 
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be at hand. 


Dual-Finish is made on a newly designed 
mold to offer unsurpassed comfort, 
sensitivity and fit. 

Let us help you evaluate the Seamless 
Dual-Finish Surgeons’ Glove with an 
in-hospital test. Once you see the results 
we think you'll agree it’s the ultimate 
glove to have on hand! For aid in con- 
ducting an evaluation test talk to your 
Seamless representative or write direct 
to Seamless, New Haven, Conn. 06503. 
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Sequential System Failure after Rupture of Abdominal Aortic 


Aneurysms: 


An Unsolved Problem in Postoperative Care 


ERTAIN COMBINATIONS of disease and trauma form 
lethal syndromes, Components of those syndromes, 
taken individually, can often be treated effectively, but 
when they occur together, therapy is unsuccessful. One 
of these combinations is acute renal failure and the 
otherwise successful surgical treatment of a ruptured 
aortic aneurysm. An example of particular interest, it is 
a worse-case challenge to present-day technics of post- 
operative care. 

The mortality of ruptured abdominal aneurysm alone 
is 32%-85% for patients who live to reach the operating 
room. Some of these deaths occur during the operative 
and early postoperative periods in those individuals 
who are not completely resuscitated. Others go on to a 
phase of apparent stability. At this time, typically the 
first or second postoperative day, blood volume has been 
restored and hemostasis accomplished. The patient may 
have good cerebral and cardiovascular function and 
breathe spontaneously without assistance. Most pa- 
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tients reaching this point will survive, though subject 
to the ordinary vicissitudes of recovery from major 
operation. For one sub-group, those with fixed renal 
failure, survival is exceptional. 

Alone, the mortality of uncomplicated renal failure is 
small, approaching the risk of chronic hemodialysis. 
This has been reported as only 3% when the under- 
lying condition is “slight or cured.”! The hazard of rup- 
tured abdominal aortic aneurysm, and acute renal fail- 
ure together is greater than the sum of their risks taken 
singly. Almost all patients subjected to this combina- 
tion will experience progressive, sequential, organ sys- 
tem failure and eventually succumb, Our experience 
with patients in this category is reported to demonstrate 
the need for a more effective approach to their therapy, 
and in its absence, as an aid to judgment in the difficult 
balancing of expenditure of medical resources against 
probable gain to the patient. 


Clinical Material 


Patient Selection 

This series includes all patients treated by hemodialy- 
sis for postoperative acute renal failure after rupture 
of an abdominal aneurysm during the past 15 vears. 
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TABLE 1. Occurrence of Unfavorable Prognostic Factors in 18 Patients 
with Acute Renal Failure after Rupiured Abdominal Aneurysm 





Number Per Cent 
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Pre-existing Systemic Disease 





Chronic pulmonary insufficiency 9 50% 
Heart disease 14 78 
Infarct by history or EKG 11 
Congestive failure 2 
Arrhythmia 
Hypertension 10 56 
Obesity 6 33 
Intraoperative events 
Hypotension (<80 mm. He) 16 80 


Cardiac arrest 4$ 22 








Patients who did not survive for 5 postoperative days 
were excluded to eliminate those for whom operative 
resuscitation was unsuccessful. Clinical information has 
been taken from hospital and intensive care records; 
the authors participated in the care of the majority. 


Composition of the Series 


Eighteen patients meeting this description were found 
in he records of the Peter Bent Brigham Hospital 
for the 15-year period ending Jesper 1, 1971. Only 
gone patient surviv ed. Fifteen (84%) ) were men, and three 
‘were (16%) women. Mean age of men was 63 years, of 
women 76 years. Five patients had been transferred 
postoperatively from other hospitals. For the majority, 
a number of factors corre lating with increased risk were 
recognized preoperatively or occurred during opera- 
tion. As shown in Table 1, 16 patients were hypotensive 
(systolic pressure less than 80 mm. Hg at some time). 
Cardiac arrest occurred during operation in four and a 
thoracotomy was performed in three of these patients. 
Ten patients underwent a second operative procedure 
of some sort at some time, exclusive of arteriovenous 
shunt insertion (Table 2). Seventeen patients died; the 
mortality thus exceeded 90%. The mean time to death 
was 1§ postoperative days (range 5-48). 


Analysis of Data 


The objective in reviewing the clinical record was to 
learn at what time during the course, failure of an 


TABLE 2, 


Surgical Procedures after Aneuryvsmectomy 





Procedure Number 
Femoral Embolectomy 4 
Laparotomy for Bleeding 2 
Femoral Vein Ligation 1 
Pyloroplasty, Vagotomy Í 
1 
1 





Sigmoid Resection 

Insertion of Pacemaker 

Tracheostomy 12 
Arteriovenous Shunt 18 
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organ or organ system was first observed. Evidence was 
obtained from records of laboratory data, bedside ob- 
servation, or the initiation of therapy in support of a 
particular system. Criteria defining failure were neces- 
sarily specific to the organ or system. For the pancreas it 
was serum amylase levels twice normal (beyond the 
oe zen ae Tanie Poon e was 


was defined: as Chas of nical id serum 
bilirubin greater than 3 mg./100 ml. ). Failure of the cen- 
tral nervous system (CNS) was defined as failure to 
respond to other than painful stimuli. Failure of the 
gastrointestinal tract was equated to bleeding that re- 
quired transfusion. Gross blood from the nasogastric 
tube distinguished failure of the upper GI tract, bright 
red blood from the rectum signified failure of the lower 
tract. Cardiac failure was paliched either by hypo- 
tension with elevated right atrial pressure, an arrhythmia 
compromising cardiac output, or electrocardiographic 
evidence of mvocardial infarction. 

An effort was also made to assign an immediate cause 
of death by combining data from autopsy and clinical 
records. Though subject to judgment, for most of the 
patients this dena was made without difficulty. 


Treatment 


A maximum and concentrated therapeutic effort was 
made for every patient. Details of management varied 
over the period covered by the review. Antibiotic agents 
of increased effectiveness became available during 
this time (but have been matched by an increased fre- 
quency of significant infection by previously commensal 
organisms). Pressure cycled ventilators were replaced 
by volume limited machines. The incidence of trache- 
ostomy decreased, and the use of arterial and central 
venous monitoring catheters became universal. The prin- 
ciples underlying use of dialysis have been little changed. 
Thev are early and frequent hemodialysis (4-6 hours 
every second day; maximum flow consistent with hemo- 
dynamic stability). Recently, the use of parenteral 
nutrition has slowed the rate of increase of blood urea 
and potassium concentration during intervals between 
dialyses, but the same treatment schedule is maintained 
in order to palliate the other components of the uremic 
syndrome: CNS depression, interference with wound 
healing, and increased susceptibility to infection. 


Results 


Although 17 of the 18 patients died, there was a wide 
distribution of survival times. One died on the 5th post- 
operative day, one on the 48th; the remaining 15 deaths 
occurred between these extremes. Despite ieie differ- 
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ences, a similar progression of organ system failure was 
observed in all. The sequence unfolded more slowly 
in patients who survived longer, and developed quickly 
in those surviving for shorter periods, but most patients 
developed all components of the pattern in approximately 
the same order before death occurred. This is shown 
in Figure 1 where the onset of organ system failure for 
all patients is compared on a common time scale. There 
was some variation from patient to patient in the manner 
of presentation and pathophysiology of specific organ 
system failure, as follows. 


Central Nervous System 


Some form of major neurologic abnormality was re- 
corded in all patients but one. The commonest was coma, 
occurring in 11. It was manifested by lack of re- 
sponse to all but painful stimuli or to tracheal stimula- 
tion but without localizing signs or primitive reflexes, 
Five patients experienced six episodes that were marked 
by focal neurologic findings; three occurred early and 
were probably caused by local ischemia or low-flow 
thrombosis during the shock period. Three episodes 
occurred terminally, 


Lungs 


Respiratory failure which occurred in all of these 
patients was the leading cause of death (Table 3). All 
patients who died required mechanical ventilation be- 
fore death. Contributory causes to impairment of pul- 
monary function, such as hepatic failure, tended to 
follow a pattern of early appearance, apparent im- 
provement, and then secondary progressive failure. 
Morphologic changes at autopsy were extensive and 
nonspecific. Lungs were heavy; microscopically there 
was bronchopneumonia, interstitial edema, alveolar hem- 
orrhage and hyaline membrane formation. Organisms 
were grown from all postmortem cultures, Pseudomonas 
or Escherichia coli from the majority, a mixed group 
of Gram-negative enteric organisms from the remainder, 
but in only one patient was there major tissue reac- 
tion to infection. None had significant pulmonary emboli. 


Heart 


It is accepted that an arteriosclerotic abdominal aortic 
aneurysm is a late manifestation of generalized cardio- 
vascular disease, attested to by the presence of an old, 
healed myocardial infarction in more than half of these 
patients and by occurrence of a new infarct during the 
postoperative period in three. All occurred during the 
second postoperative week. Four other patients experi- 
enced significant arrhythmias requiring treatment by 
cardioversion, pacemaker, or drugs. Autopsy showed ex- 
tensive coronary artery disease in all patients; uremic 
pericarditis was found in two. 


ABDOMINAL AORTIC ANEURYSMS 
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SEQUENTIAL SYSTEM FAILURE: 


I7 PATIENTS WITH RENAL FAILURE 
AFTER RUPTURED ABDOMINAL ANEURYSM 


/—- MEAN POSTOPERATIVE SURVIVAL —=| 


PANCREAS EA 

LUNGS Ye? 

LIVER AA: 

CNS ii 
LOWER Gl Ex 
HEART iid 


O 2 4 6 8 10 t2 14 6 18 
TIME TO ONSET OF FAILURE (DAYS) 


Fic. 1, The order of appearance of organ system failure is shown 
by normalizing survival time for each patient to mean duration of 
survival for the group. 


Liver 

All patients were jaundiced, chemically or clinically. 
Bilirubin and enzyme levels followed a characteristic . 
pattern: early, transient elevation of hepatocellular en- 
zymes, a later and more or less steady increase in bili- 
rubin to very high levels (Fig. 2). Histologic changes 
were correspondingly severe—centrilobular necrosis, sig- 
nificant bile stasis, congestion and lipid infiltration. 
There was one instance of ductal obstruction by pan- 
creatitis, one of multiple septic infarcts. 


Pancreas 


Fulminent pancreatitis was recognized early (on the 
second postoperative day) in two instances but could 
be seen retrospectively to have occurred in a total of 
nine patients, in whom severe pancreatitis was found 
at autopsy, and could be correlated with antemor- 
tem amylase elevation and a plasma requirement. Pan- 





TABLE 3. Proxtmate Causes of Death (17 Patients) 
Primary Secondary Total 
Respiratory Failure ) 4 13 
Septicemia 3 7 10 
Gastrointestinal Hemorrhage | i 2 
Acute Pancreatitis 2 1 3 
Cardiac Failure 2 z 
Uremia 1 1 
Multiple Factors 2 I 3 
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Fic. 2. The characteristic evolution of plasma enzyme and bilirubin 
levels as seen in one patient. 


creatitis was hemorrhagic and necrotizing in four, in 
three there was inflammation, edema, and fat necrosis. 
Gastrointestinal Tract 


_ Gastrointestinal complications occurred late in these 
“patients (Fig. 1) but were seen in all. Some complica- 
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Fic. 3. How one occurrence leads to another: some of the patho- 
physiologic mechanisms interrelating system failure. Preoperative 
factors, and those associated with shock and resuscitation (I-II) 
are established at the beginning of the postoperative course. 
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tions were recognized prior to death: major upper gas- 
trointestinal hemorrhage in eight patients (one died of 
recurrent bleeding after pyloroplasty and vagotomy); ` 
massive bleeding from the colon in two, sigmoid perfora- 
tion in one. At autopsy previously unrecognized necro- 
sis and perforation of the sigmoid was present in two 
patients, some degree of gastric erosion and ulceration 
was recognized in all. 


Kidneys 


Autopsy demonstrated bilateral acute tubular necrosis 
superimposed on varying degrees of nephrosclerosis 
in most of the patients. There were several exceptions: 
bilateral cortical necrosis in one patient, in two examina- 
tions cortical necrosis was found in one kidney, tubular _ 
necrosis in the other. One case emphasized a clinical 
principle, the importance of demonstrating bilateral pat- 
ency of the ureters. A clear lower tract was shown by 
retrograde pyelography of the left kidney but the right 
ureteral orifice could not be intubated in this individual. 
Autopsy revealed renal infarction on the left, with ure- 
teral ligation and hydronephrosis on the right. 


Discussion 


The question presented by these patients is familiar 
and fundamental: how do a number of physiologic li- 
abilities, each in itself potentially reversible, combine to 
make survival exceptional, though not impossible; for 
even in this group there was one survivor. This individ- 
ual did not differ from the others in age, preoperative 
cardiovascular status, or need for postoperative respira- 
tory support. 

There are established interrelationships between organ 
systems which help explain both the additional hazard . 
created by renal failure, and the characteristic se- 
quence of events during the postoperative course. Failure 
of one system challenges others and improvement in sur- 
vival depends on identification of points where these 
cycles can be interrupted. Some of them are not con- 
trollable. For example, those existing preoperatively or 
occurring intraoperatively (Fig. 3) are difficult or im- 
possible to modify. Many operative factors are common 
to survivors of hemorrhage, shock or trauma generally, a 
few are peculiar to aneurysmal resection. For example, 
aortic cross clamping may cause renovascular constric- 
tion, atheromatous embolism, parenchymatous arterio- 
venous shunting, and renal artery pressure changes.® 
Clamp release can initiate washout acidosis, increasing 
damage to already compromised renal tubules, and _ 
possibly allow a shower of microemboli to reach the 
lungs.? Direct operative trauma to the kidney or collect- 
ing system can occur, as it did in one patient in this 
series; similarly, operative trauma to the pancreas or the 
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inferior mesenteric circulation may set the stage for 
problems later, and pancreatitis occurred frequently. 

Respiratory failure, however, was the commonest proxi- 
mate cause of death. Successful resuscitation from mas- 
sive hemorrhage and management of the metabolic con- 
sequences of renal failure allows development of what 
has been variously called shock lung, post-traumatic 
pulmonary insufficiency, or progressive pulmonary insut- 
ficiency. Less clearly related to operative events, its 
etiology is probably mixed and possibly unknown; a long 
list of factors which may share responsibility can be 
made. The principal difficulty in dealing with the syn- 
drome of post-traumatic pulmonary insufficiency lies in 
assessment of the relative importance of these possible 
causative factors. Some are part of the resuscitation and 
hence unavoidable: microembolism after aortic cross 
clamping, previously mentioned, the load of embolic 
material imposed by many transfusions, and the pul- 
monary vascular response to hypovolemia and to vaso- 
pressors which may be used in its treatment. After resusci- 
tation, the lungs remain the principal target of changes 
initiated by failure of other organs and of the undesir- 
able effects of necessary therapy. Figure 3 shows some of 
these relationships, in a necessarily abbreviated way. 
Not all can be modified by present day methods but 
some can. Of those influencing the lung, for example, 
overhydration can be avoided or treated by early dialy- 
sis. All of these patients had received large quantities 
of water and sodium for initial replacement of lost intra- 
vascular volume, intraoperative extracellular fluid ex- 
pansion, and as a trial of volume loading when oliguria 
was first noted. Large positive water balances could 
be calculated at the time of admission to the intensive 
care unit. Simply restricting water leads to hyper- 
tonicity unless gastrointestinal losses are large: combin- 
ing some water restriction with hemodialysis (massive 
water removal by ultra-filtration may not be tolerated 
hemodynamically) improves the chest X-ray and al- 
veolar-arterial gradient for oxygen, but avoiding the early 
phase of hyperhydration might be an advance. Good 
principles of respiratory management are certainly 
important, but obviously not the whole answer, and 
need not be detailed here. Maintenance of nutrition 
parenterally may be important, at least to maintain 
respiratory muscle function and possibly in more indirect 
ways. 

Gastric mucosal ulceration, like postoperative pul- 
monary insufficiency, is a standard surgical topic. Recent 
reports emphasize the importance of gastric resection 
in its treatment, and this series includes a patient who 
rebled after pyloroplasty and vagotomy. Other than this 
there was little to learn except that episodes of bleed- 
ing usually occurred in association with hemodialysis, 
even when regional heparinization was tightly controlled, 
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and that massive upper GI bleeding was a late event, 
which in a setting of multiple organ system failure 
might have been interpreted as marking the point at 
which vigorous therapy should be discontinued. 

Renal failure, once clearly established, is unlikely to 
resolve before hemodialysis is required. These pa- 
tients have additional loading of potassium and nitrogen 
metabolites from hematoma and devitalized tissue’. 
even where hypercatabolic nutritional requirements are 
met parenterally. The objectives are to keep serum 
potassium within the normal range, avoid central de- 
pression, and to maintain dry lungs. The effect of 
intensive dialysis on wound healing has been established 
in man and animal®*; there is also evidence from animal 
studies that dialysis can partially reverse the effects of 
uremia on leucocyte function, the gastrointestinal epithe- 
lium, and hematopoiesis. 

The universal occurrence of profound increasing 
jaundice was a distinguishing feature. Explanations are 
available: a large pigment load from transfusions and 
hematoma with no renal clearance of plasma bilirubin; 
splanchnic vasoconstriction in hypovolemic shock pro- 
found enough to cause acute renal failure also results 
in hepatocellular damage.® In patients in whom acute 
renal failure followed operations other than aneurysm 
resection, where survival is more frequent, bilirubin levels 
often continued to be elevated for weeks after diuresis 
and return of BUN and creatine to normal levels. 

Diagnoses were missed despite close observation and: 
frequent re-evaluation; most often they were intraab- 
dominal complications: e.g., pancreatitis and sigmoid 
perforation. The treatment of pancreatitis presents few 
surgical options, although its frequency in this series 
illustrates the truth that not all amylase elevation in 
acute renal failure is due to impaired clearance. Ische- 
mic necrosis and perforation of the sigmoid colon after 
aneurysm resection, such as massive bleeding from stress 
ulcers, carries an extremely high mortality.* Again, this 
event might in the whole setting of the patient's pre- 
operative state of health, family wishes, and available 
resources allow some judgment to be made concerning 
the wisdom of further treatment. 


Summary 


Eighteen patients required hemodialysis after surgi- 
cal treatment of ruptured abdominal aortic aneurysm. 
Review of the clinical events and autopsy findings showed 
a similar progression of organ system failure, beginning 
with pancreatic to pulmonary disease, and progressing 
to upper GI bleeding. A significant incidence of clini- 
cally silent (or at least undetected) major intraperi- 
toneal disease was also noted. The lethality of renal 
failure after ruptured aneurysm is explained as a super- 
imposition of pre-existing chronic cardiovascular disease 
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on the mechanical and metabolic consequences of the 
surgical procedure. Even though some of the mechan- 
isms are well understood, their combination initiates a 
cycle which is difficult to interpret: mortality for this 
group of patients was greater than 90%. 
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Hemodynamics of Innominate Artery Occlusion 


DAVID J. MOZERSKY M.D.,* 


ROBERT W. BARNES M.D.,** 


DAVID S. SUMNER M.D.,*** D. EUGENE STRANDNESS JR, M.D.+ 


INCE THE INITIAL description of reversed flow in the 
S vertebral artery by Contorni? many reports have ap- 
peared in which similar flow patterns have been de- 
scribed. The name subclavian steal syndrome was pro- 
posed by the editors of the New England Journal of 
Medicine? to denote patients with this hemodynamic 
lesion and associated neurologic findings. Although the 
great majority of these cases result from occlusions of 
the subclavian artery, occlusions of the innominate ar- 
tery may also produce a variant of this defect. These 
two lesions differ significantly from both the hemo- 
dynamic and clinical viewpoints. When innominate 
stenosis is present not only is the vertebral flow reversed 
but also the blood flow in the right carotid artery is re- 
duced and its direction may even be changed. 

In most reports describing the physiology of in- 
nominate artery occlusion, radiographic technics have 
been used to evaluate the alterations in blood flow. The 
development of the directional ultrasonic velocity 
detector has provided a method by which flow direc- 
tion and relative magnitude can be estimated transcu- 
taneously. This instrument facilitates the evaluation of 
flow at rest and under the influence of physiologic 
stimuli. 

The present report outlines the hemodynamic defect 
in patients with innominate artery occlusion and illus- 
trates the usefulness of the directiona! ultrasonic velocity 
detector in the study of the problem. 
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Material and Methods 


The directional ultrasonic velocity detector has been 
used to evaluate blood flow in three patients who pre- 
sented with reduced systolic pressures in the right arm” 
Initially, flow tracings from right and left brachial, 
carotid and vertebral arteries were obtained transcu- 
taneously. By these techniques both the contour of the 
flow pulse and its direction, could be determined. A 
blood pressure cuff was then placed around the right 
arm and inflated to pressures above systolic pressure 
for three minutes. Flow recordings from the carotid and 
vertebral vessels were obtained during the time the cuff 
was rapidly deflated. In this way, the effect of hypere- 
mia of the arm on carotid and vertebral flow could be 
evaluated, 


Case Reports 


Case 1. A 53-year-old mentally retarded man was well until 
2 weeks prior to admission, when he lost the ability to walk with- 
out support. The event occurred suddenly and persisted unchanged 
from the time of onset until his admission. In addition to this symp- 
tom he had noted decreased sensation and numbness in the right 
hand, The remainder of the history was not contributory. Physical 
examination revealed a diminished pulse and pulse delay in the 
right brachial artery. The systolic pressure was 154 mm, Hg in 
his left arm and 110 mm. Hg in the right. No pulse was palpable 
in the right carotid artery. A right carotid bruit was present. Al- 
though generalized motor weakness was observed, no localizing 
signs were noted. 

The patient was referred to the peripheral vascular laboratory 
for flow studies with the directional ultrasonic velocity detector. 
Abnormal flow patterns were observed in the right brachial 
(Fig. 1) and carotid arteries. Reversal of flow in the right vertebral 
artery was also noted. When hyperemia was induced in the right 
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Fic: 1. A-Left, and B-Right brachial artery flow pattern. The lack 
of pulsatility noted in the right brachial artery is characteristic of 
proximal obstruction. 


arm the magnitude of the vertebral steal increased by 83% (Fig. 2) 
and the right carotid flow decreased by 38% (Fig. 3). Minimal 
increases in antegrade flow in the left vertebral and carotid arteries 
were noted. An aortic arch arteriogram was then performed which 
demonstrated complete occlusion of the innominate at its origin, 
and retrograde right vertebral flow. 

Case 2, A 43-year-old man had a history of faintness and visual 
blurring. The patient was well until 2 months prior to admission 
when he developed episodic faintness. These episodes lasted a 
few minutes and were associated with distorted vision. 

On physical examination, the systolic pressure in the left arm 
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Hyperemia 
Fic. 2. Reversed flow in right vertebral artery. Flow increased by 


83% when hyperemia was induced in the right arm. 
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was 126 mm. Hg and 94 mm, Hg in the right arm. The right 
radial pulse was decreased to palpation, and lagged in time 
behind the left. No pulse was palpable in the right carotid artery. 
A soft left carotid bruit was noted low in the neck. Neurologic 
findings were absent. 

Flow tracings were obtained using the directional ultrasonic 
velocity detector. As in the previous case abnormal flow patterns 
were noted in the right brachial and carotid vessels and reversed 
flow was noted in the right vertebral artery. When hyperemia was 
induced in the right arm retrograde vertebral fow increased by 
100% and right carotid flow decreased by 45%. Small increases in 
antegrade le ft carotid and vertebral flow were observed. An aortic- 
ateh artë riogram (Fig. 4) revealed high grade stenosis of the in- 
nominate artery and stenosis of the left carotid artery at its origin. 
The left internal and external carotid arteries were also narrowed, 

Case 3. A 71-year-old man complained of sudden dizziness. 
The pertinent history dated back to 1965 when he developed left 
hemiparesis. In 1966, a dissecting aneurysm of the aorta was suc- 
cessfully treated surgically but he was left with absent right 

carotid and radial pulses. He had no neurologic complaints until 

November 1970, when he experienced episodic confusion, dis- 
orientation, and blurred vision. An aortic arch study done at that 
time revealed total occlusion of innominate artery with retrograde 
right vertebral flow. No retrograde flow was noted in the right 
carotid artery. The patient underwent ligation of the right ver- 
tebral artery which partially relieved the symptoms. About one 
vear following this procedure however, he developed drop attacks 
which have persisted until the present admission. 

On physical examination, the patient was alert and oriented. 
Blood pressure in the right arm was 80/70 mm. Hg and 130/80 
mm. Hg in the left arm. The pulses in the right arm and right 
carotid were not palpable. Neurologic examination revealed slight 
straightening of the nasolabial fold and some difficulty with left 
hand coordination. Flow studies with the directional ultrasonic 
velocity detector were carried out, Abnormal flow patterns, simi- 
lar to those observed in the previous two patients, were noted in 
the right brachial artery. No right vertebral signals were obtain- 
able. Carotid blood flow was reversed and, under the influence 
of right arm hyperemia, increased by 386% (Fig. 5). When the 
right carotid artery was momentarily compressed, flow in the right 
brachial decreased 15% (Figure 6). 


Discussion 
Wylie and Ehrenfeld? have found occlusion of the 


innominate artery in only 1.5% of patients with extra- 
cranial cerebrovascular disease. Approximately 10% of 
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Antegrade flow in right carotid artery. Flow decreased by 
38% when hyperemia was induced in the right arm. 
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Fic. 4. Subtraction prints of aortic arch arteriogram. Arrow in- 
dicates area of stenosis in innominate artery. 


patients with symptomatic retrograde vertebral flow 
have innominate artery occlusion.’ The present studies 
would indicate that the hemodynamic defect is much 
more severe, and the collateral circulation more compli- 
cated in these patients than when retrograde vertebral 
flow is produced by isolated subclavian occlusion. 

The suggestion that symptoms of cerebral ischemia 
might be related to arm exercise in patients with retro- 
grade vertebral blood flow secondary to subclavian or 
innominate stenosis was initially made by Reivich et al." 
Although these authors provided some experimental evi- 
dence to show that total intracranial blood flow might 
be decreased as much as 40% when vertebral flow 
was reversed, more recent investigations have raised sig- 
nificant questions concerning the hemodynamic effects 
of subclavian occlusion. Hardesty* has estimated that 
only 11% of total cerebral flow reaches the brain by way 
of the vertebral arteries. When the subclavian artery is 
ligated, the flow in the vertebral artery is reversed, but 
of roughly the same magnitude as the antegrade flow 
prior to subclavian ligation. Handa and associates’ have 
found that total cerebral blood flow in monkeys is very 
nearly constant regardless of whether or not the sub- 
clavian artery is ligated. Blood flow in the remaining ves- 
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Fic. 5. Reversed flow in right carotid artery. Flow increased by 
386% when hyperemia was induced in the right arm. 


sels increases sufficiently to nearly compensate for the 
effect of vertebral flow reversal. These findings were 
confirmed in the dog by Eklof and Schwartz* who 
could demonstrate no change in cerebral blood flow 
or EEG activity in the presence of reversed vertebral 
flow. These authors were unable to demonstrate any 
decrease in cerebral blood flow until extensive ligation 
of the other extracranial vessels was added to the 
subclavian occlusion. | 

These experimental considerations probably explain 
the clinical observations that patients with isolated sub- 
clavian stenosis are rarely symptomatic!!!" and that 
exercise is rarely responsible for the production of symp- 
toms.'*'°:!" The present study would indicate, that. pa- 
tients with innominate artery occlusion have much more 
significant alterations in their extracranial hemodynamics. 

The collateral pathways in patients 1 and 2 are sum- 
marized in Figure 7. Both patients demonstrated the 
“carotid recovery phenomenon” first suggested by Kil- 
len and Gobbel.'? Blood entering the brain via the left 
vertebral and (probably to a lesser degree) left carotid 
artery is “stolen” by the right vertebral vessel. This blood 
is then used to perfuse not only the arm but is also 
“recovered” by the right carotid artery. We have clearly 
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Fıc. 6. Right brachial flow showing obstructed type tracing. Right 
carotid compression reduced brachial flow by 15%. 


Fic. 7. Collateral path- 
way in patients 1 and 2. 
Blood “stolen” by right 
vertebral perfuses right 
carotid as well as right 
brachial arteries. 





demonstrated that at times when the demands of the arm 
are increased, the magnitude of the vertebral “steal” is 
increased and the flow in the right carotid is reduced 
significantly. When the resistance of vessels in the circle 
of Willis is low or when the right vertebral is stenotic or 
occluded, flow may also be reversed in the right carotid 
artery. This situation has been reported previously but 
is not frequently encountered.'*:!" Patient 3 demonstrated 
retrograde right carotid flow, which contributed signifi- 
cantly to the blood supply of his arm. This was noted 
however, only after his vertebral artery had been ligated. 

Thus in the presence of innominate artery occlusion, 
blood is supplied to the right side of the brain by 
means of collateral routes involving the circle of Willis. 
When blood is supplied to the brain by collateral path- 
ways generalized or localized ischemic areas may de- 
velop, and symptoms may readily result. Handa and 
associates have found that total cerebral blood flow in 
monkeys is reduced an average of 18% when the in- 
nominate artery is occluded. 

The directional ultrasonic velocity detector has been 
a helpful diagnostic instrument in the evaluation of 
these patients. Most previous reports have depended 
upon radiographic technics to elucidate the pathways 
by which blood is supplied to the brain. Gonzales et al. 
have suggested that radiographic of evaluation may be 
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misleading. These authors have demonstrated radio- 
graphic evidence of retrograde vertebral flow in 8.3% of 
normal patients. The methods of evaluation we have used 
permit investigation of the flow patterns not only at rest 
but also under the influence of arm hyperemia. In 
this way, both a static and functional assessment of 
blood flow can be obtained quickly without harm or 
inconvenience to the patient. 

Two main approaches to the therapy of this lesion 
have been advocated. Most authors have recommended 
the re-establishment of normal hemodynamic relation- 
ships by means of either endarterectomy or bypass pro- 
cedures. Rob? has suggested vertebral artery ligation as 
an alternative in the poor-risk patient. Patient three 
demonstrates the inadequacy of vertebral artery liga- 
tion. In this case, retrograde carotid blood flow was gen- 
erated after this operation was performed. Since most 
surgical approaches to this problem have necessitated 
the use of thoracotomy, correction of these lesions has 
been a major surgical problem. Two alternative meth- 
ods of therapy may be effective in restoring normal 
hemodynamics without thoracotomy. The subclavian- 
subclavian bypass originally suggested by Ehrenfeld et 
al” and the subcutaneous axillary-axillary bypass!!! 
may be helpful in this regard. 

Blakemore! has suggested that patients with innominate 
artery stenosis have a distinct clinical entity which he 
has termed the “innominate artery steal.” While it is 
true that this term is less alliterative than the “subclavian 
steal syndrome,” we feel that the therapeutic, clinical 
and hemodynamic differences which these patients 
display warrant their consideration as a separate group. 


Summary 


Three patients with innominate artery occlusive dis- 
ease have been evaluated using the directional ultra- 
sonic velocity detector. Two patients demonstrated re- 
versed flow in the right vertebral artery and antegrade 
flow in the right carotid. In the third case, the vertebral 
artery had been ligated previously and retrograde flow 
in the right carotid artery was noted. The effect of right 
arm hyperemia on the flow in the extracranial cerebral 
vessels has been evaluated and the diagnostic, thera- 
peutic, and prognostic implications of these findings 
are discussed. 
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Cardiac Aspects of Shock 


Effects of an Ischemic Body on a Non-Ischemic Heart 


T HAS BEEN shown that in clinical or experimental hem- 
| orrhagic shock the heart is depressed.*:® The effect 
of this cardiac factor on the mortality rate is, however, 
disputed. Guyton and Crowell?:7° believe that myocar- 
dial injury by the shock is of utmost importance, whereas 
Lillehi and co-workers!? relate the cardiac changes to 
terminal alterations. 

‘Two mechanisms have been suggested to induce 
myocardial impairment in hemorrhagic shock 1) local 
ischémia of the heart due to diminished coronary flow, 
and 2) humoral and neurogenic effects during a gen- 
eralized tissue hypoperfusion. It is also possible that 
both these mechanisms affect the heart simultaneously. 

The present work was undertaken to evaluate the 
effect of shock on the heart when it performs external 
work similar to the control condition, but the heart in 
itself has a normal amount of coronary perfusion with 
blood returning from the entire circulatory system in 
condition of profound hemorrhagic shock. This was 
achieved by designing an experimental model in which 
the animal is in shock apart from its heart. 


Material and Methods 


Sixteen mongrel dogs were anesthetized with intra- 
venous sodium pentobarbital (30 mg./Kg.) and in- 
tubated for subsequent positive pressure ventilation 
(Bird respirator). The heart and great vessels were 
exposed through a longitudinal sternal split. A Walton- 
Brodie strain gauge arch was sutured to the right ven- 
tricular wall with the feet stretched to measure isometric 
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myocardial tension. Right atrial and peripheral arterial 
pressures were obtained through catheters attached to 
Statham pressure transducers. Total cardiac output [CO] 
was measured by a Statham electromagnetic flowmeter 
placed around the main pulmonary artery. Thoracic 
aortic flow as well as the coronary arterial blood flow 
[CBF] (descending branch of the left coronary artery) 
were also obtained through electromagnetic fowmeter 
probes. All the above tension, pressure and flow mea- 
surements and a surface lead electrocardiogram were 
simultaneously recorded on a Hewlett-Packard eight 
channel thermal recorder. Stroke volume was obtained 
by dividing the cardiac output (read from the cali- 
brated scale of the flowmeter) by the prevailing heart 
rate. Left ventricular work was calculated by multiply- 
ing cardiac output and mean aortic pressure just above 
the orifice of the coronary arteries. Dividing this work by 
heart rate gave the left ventricular stroke work. The inter- 
nal work of the heart was calculated as heart rate times 
myocardial peak tension. The dog’s urinary output was 
collected through a catheter placed in the urinary blad- 
der. Arterial blood pH was measured by a Beckman pH 
meter. Arterial lactate concentration was determined 
according to the method of Loomis.1® These measure- 
ments were taken before the production of the shock 
and every 30 minutes thereafter up to the end of the 
experiment. 

A special circuit was designed to enable control of the 
perfusion pressure of the coronary arteries and of the 
venous return at all times as required. It consisted of a 
reservoir kept above the dog’s heart and connected 
through a large bore cannula and tubing to the ascend- 
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ing aorta and through another large bore tubing and 
cannula to the right atrium. Three screw clamps were 
placed around the ascending aorta above the insertion 
of the cannula and on both tubes which determined 
the amount of blood pumped by the ventricle, through 
the ascending aorta, into the reservoir and the volume 
returning from the reservoir into the right atrium. The 
blood returning to the right ventricle was thus com- 
posed of the venous return through the great veins and 
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Fic. 1, A diagramatic illustration of the experimental set-up. The 
dog is bled to shock level and the ascending aorta is constricted 
(AC). From the proximal aorta blood is pumped by the heart 
into the reservoir (R) at a rate which can be controlled by a 
screw clamp (SC) and permits maintenance of proximal aortic 
blood pressure (APp) oa coronary blood flow (CBF) at control 
level. From the reservoir blood can be reinfused (regulated by 
SC) into the right atrium at a rate which maintains, together 
with the venous return from the shocked body, a cardiac output 
(CO) and a central venous pressure (CVP) as during the control 
state. Blood How (AFp) and pressure (APp) distal to the aortic 
constriction are also measured, A strain gage arch sewn to the 
tight ventricular wall measured isometric myocardial tension (MT). 
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Fic. 2. Hemorrhagic shock (induced between the two arrows) 
in a dog with maintained coronary circulation. Note the dimin- 
ished distal aortic blood pressure, decreasing pH and increasing 
blood lactate as signs of shock, as opposed to cardiac output, 
coronary flow, proximal aortic and right atrial pressures which 
are kept at control levels. 


the blood coming from the reservoir. The experimental 
set-up is diagrammed in Figure 1. 

All the above described measurements were per- 
formed at the steady control condition. Thereafter, hem- 
orrhagic shock was induced by bleeding the dog from 
its aorta into the reservoir until the mean systolic pres- 
sure could be kept steadily below 50 mm. Hg. The 
coronary arteries were protected against such low pres- 
sure by partial constriction of the ascending aorta distal 
to the tube leading to the reservoir. By this method . 
coronary pressure and flow could be maintained around 
contro] levels while the whole body was hypotensive. 
To maintain cardiac output close to the control level and 
thereby impose on the ventricles about the same amount 
of work during shock as during the control stage, the 
venous return was regulated by changing the return of 
blood from the reservoir into the right atrium. All the 


_ hemodynamic parameters which have been measured be- 
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fore the induction of shock have continuously been mea- 
sured after initiaticn of shock and throughout the ex- 
periment until the dog died. 

In five dogs the same experimental procedure, in- 
cluding the state of hemorrhagic shock, was performed 
without altering the spontaneously developed coronary 
perfusion pressure, coronary flow and systemic venous 
retum.. — 

; Results 

A- representative tracing of a single experiment is 
illustrated in Figure 2 exhibiting the time sequence, 
direction and magnitude of changes of the various param- 
eters in a dog with ischemic body but non-ischemic 
heart. However, the results of all the experiments will 
be shown as average values for the group of dogs with 
hemorrhagic shock not including the heart as well as 
average values for the control group. 

The proof that all the animals were in a profound 
state of shock can be seen in Figure 3. It shows that the 
arterial mean pressure declined from its control level of 
128 mm. Hg (1002) to 47 mm. Hg (37%) after the 
first hour of shock and remained about a third of its 
control level until the end of the experiment. 

There was a concomitant and marked drop in the 
descending aortic flow to 24% of the control value dur- 
ing the first hour of shock and stayed so thereafter. The 
arterial pH gradually decreased from 7.48 to 7.17 after 
3 hours and to 7.00 at the time of death. 

As expected, the urinary output decreased from an 
average of 31 ml./hr. to 9 ml./hr. after the first hour and 
to 3-4 ml/hr. throughout the shock period. The average 
arterial blood lactate concentration was initially 6.7 mg./ 
100 ml. increasing to 26.9 mg./100 ml. in the first hour 
of shock and gradually elevated to 45 mg./100 ml. 

Generally, in dogs exhibiting the above described clas- 


sic signs of shock, the arterial pressure, cardiac output 
and coronary flow are reduced markedly and continue 
to decline until the death of the animal. For the pur- 
pose of checking our model and methods of measure- 
ments, these parameters have been obtained in five 
control dogs. Figure 4 shows that the results were as ex- 
pected. 

The special technic used in the present study enabled 
us to achieve our purpose of maintaining a fairly steady 
proximal aortic pressure, cardiac output, and coronary 
blood flow at about control levels (Fig. 5) during the 
presence of profound shock. 

Figure 6 summarizes the measured or calculated data 
from the group of dogs in which the heart was kept well 
perfused with the blood coming from the shocked body. 
On the average, the myocardial] tension changed slightly 
even after 5 hours (90% of control) and decreased to 
about 75% thereafter. The internal work of the heart, 
however, decreased more since there was a marked and 
gradual diminution of the heart rate to 60% of the con- 
trol level after the first hour of shock and to below 40% 
at the end of the experiments. Slowing of heart rate, 
in the presence of cardiac output maintained to control 
levels, indicates, of course, a progressive rise of stroke 
volume. Indeed, the stroke volume more than doubled 
as time progressed, The stroke work of the heart in- 
creased parallel to the rise of stroke volume and almost 
doubled itself as the rate declined. The external left 
ventricular work progressively decreased in the first 3 
hours and remained around 60% of the control value 
thereafter. 

Figure 7 demonstrates the corresponding average 
values for a group of five dogs in which the hearts were 
exposed to all the hemodynamic conditions of shock. 
Myocardial tension approached 60% of its control value 
in the 3rd hour of shock. Moreover, all the parameters 
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Fic. 4. The average aortic pressure (A.P.), cardiac output 
(C.O.), and coronary flow (C.F.) in five control animals during 
hemorrhagic shock (induced between’ the two arrows). 


showed a marked decrease in the first hour and the 
minimal values were much lower during the experiment 
than in the study group of animals. The stroke work 
diminished markedly despite the slowing rate and the 
transiently elevated stroke volume due to excessive 
drop of aortic pressure. 


Discussion 


Generally, in hemorrhagic shock progressive circula- 
tory failure ensues. However, there is considerable 
dispute as to the mechanism of this phenomenon. Wig- 
gers!® had observed that the fall in the systemic pres- 
sure follows an initial reduction of cardiac output and 
thus he assumed that the primary cause of circulatory 
failure is the diminished venous return. However, in 
many cases even restoration of normal venous return 
cannot prevent irreversible changes indicating that fac- 
tors other than venous return shall initiate the fatal out- 
come. Reduced blood volume or continuous loss of 
fluid from the vascular compartment has been sug- 
gested by some authors to be a responsible mechan- 
ism.? Sarnoff and co-workers!* described an increased left 
ventricular end-diastolic pressure accompanying the 
hypotensive state which, however, could ‘be reversed 
artificially by improved coronary flow. Their suggestion 
was, therefore, that myocardial depression due to inade- 
quate coronary perfusion may cause the cardiac failure. 
Contrary to these observations, Gomez and Hamiltont 
have shown in animals in shock, short of the head and 
upper limbs, that perfusion of the coronary arteries at 
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normal pressure does not prevent the development of 
heart failure at sudden volume load into the left atrium. 
They have ascribed this to a release of cardiotoxic 
substances from the hypotensive part of the body. The 
importance of coronary flow was emphasized again by 
Jones and associates!® who found a protective effect of 
pharmacologically induced coronary vasodilation against 
the development of irreversible hemorrhagic shock, - 
Crowell and Guyton? have also proved the development. 
of cardiac failure in the course of hemorrhagic shock` 
demonstrating increased filling pressures even at normal 
cardiac output levels. Lillehei and associates, 12 con- 
versely, expressed views that myocardial depression is 
a secondary phenomenon induced only by peripheral 
vascular changes which cause diminished return to the 
heart. They have also pointed out the importance of 
metabolic changes in the blood such as acidosis and 
stressed the necessity for immediate and proper correc- 
tion of the blood pH to restore adequate myocardial 
function. 

The negative inotropic effect of metabolic acidosis on 
the left ventricular function was also described by Wil- 
denthal and co-workers.!" They have attributed this to 
direct depression of left ventricular contractility and de- 
pressed ventricular responsiveness to cathecholamines. 
Left ventricular contractile force was not found, how- 
ever, to be reduced in the first hour of severe oligemic 
hypotension unless irreversible state of shock has*taken 
place? More recent works of Lefer and co- -workers: indi- 
cate the presence of a humoral factor, myocardial de- 
pressant factor (m.df.) in the blood of animals in 
severe shock.!!.15 This substance was shown to be a poly- 
peptide released by proteolytic activity present in the 
blood during shock. 
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Fic. 5. The average values of proximal aortic pressure (A.P.), 
cardiac output (C.O.), and coronary blood flow (C.F.) in 11 
dogs with ischemic body but well perfused heart (shock in- 
duced between the two arrows). 
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Fic. 6. The average values of the various measured or calculated 
parameters in 11 dogs during maintained coronary circulation 
with blood returning from ‘the ischemic body. Note the slow 
decline of myocardial tension (MT) and marked rise of stroke 
work (LVSW) due to progressive decrease of heart rate (HR). 
SV = stroke volume, LVW = left ventricular work, IW = 
internal work. Shock induced between the two arrows. 


Due to this considerable dispute on the mechanism by 
which. the state of shock influences myocardial per- 
formance, an experimental model was designed to 
elucidate: this _problem. The experimental set-up pre- 
vented the development of some conditions claimed to 
depress cardiovascular function such as a drop of 
venous return, cardiac output, coronary perfusion pres- 
sure and coronary blood flow. By doing so, two main 
possibilities have remained open: 1) some reflex mech- 
anism acting through the autonomic nervous system and 
2) humoral factors brought to the heart by the blood 
draining the ischemic body. This may include normal 
metabolites, like hydrogen or’ lactate ions, but in in- 
creased amounts or abnorma] metabolites as myocardial 
depressant factor or other undefined substances, %17 

Our experimental model was: designed to separate 
between the role of local ischemia in the heart and 
| peripheral ischemia on.the heart. If there is any humoral 
factor in the blood its cardiac effect should be even 
more evident, since it is perfusing the heart in larger 
quantities due to the maintained coronary blood flow as 
opposed to reduced coronary flow in the usual state of 
shock, Also, if there is a myocardial depressing effect it 
should become-more easily detectable since the car- 
diac work is maintained at a higher level by the near 
normal cardiac ‘output and control proximal aortic 
pressure, than during the regular state of shock. | 

The results presented in this study show that if the 
dogs were bled and their hearts were also subjected to 


MAZOR AND ROGEL 


Ann. Surg. = August 1973 A 


the overall effects of shock, the cardiac output, coro- 
nary flow, arterial pressure, left ventricular internal and 
external work and myocardial tension have all decreased 
to 50% or below the control values within 2 hours .and 
led to early death. Only the stroke volume did not de- 
crease (ar even become transiently elevated) since the 
pulse rate has steadily decreased during the experiment. 
Such a progressive slowing of the heart was a constant 
feature of all experiments performed. 

In the group of dogs'in which the state of shock mani- 
fested itself in a similar manner as in the control group, 
the heart was prevented from local ischemia, but was 
required to control activity, being perfused with blood 
coming from the shocked tissues. The first striking 
phenomenon was a few hours longer survival and a 
much less prominent decrease in myocardial tension 
than in the control group (not more than 15% during 
the first 5 hours of shock and only about 22% after 7 
hours). There was a progréssive drop of heart rate 
throughout the experiment which together with the 
maintained cardiac output and aortic pressure caused a 
steady increase in stroke volume and work until there 
was a sudden terminal decrease. These values are differ- 
ent from those obtained in the control experiments and 
led to the following conclusions; The myocardium is 
able to contract fairly well even if it is perfused with 
blood coming from a shocked body, provided the 
coronary flow is kept normal. Under these conditions 
the heart may also increase its stroke work if adequate 
venous return is available. Although the survival of 
the animals: is considerably prolonged, the perfusion 
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Fic. 7. The same parameters as in Figure 5 measured or calcu- 
lated in the control group. The deterioration of myocardial — 
function is more marked and starts earlier than in the study. 
group (symbols as in Fig. 5). z 
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of the myocardium by the blood with low pH and a high 
lactate concentration, and perhaps containing myocar- 
dial depressant factors, leads to a slow deterioration of 
cardiac function, though much less evident than in 
the control group. 


Summary 


In open-chest dogs hemorrhagic shock was induced 
using an experimental model in which coronary per- 
fusion pressure, coronary blood flow and cardiac output 
were maintained close to control levels. Thus the whole 
animal was kept in deep shock except for the heart 
which was perfused with the blood returning from the 
shocked body. 

It was found that under these conditions myocardial 
tension dropped only slightly during the course of 
time, while the stroke work became elevated due to 
slowing of the heart. The internal work decreased 
markedly and so did the external work even though to a 
much less extent. The survival was longer than in the 
control animals. The results seem to indicate that the 
reduced coronary perfusion in the control dogs leads to 
early myocardial depression and death. However, the 
progressive but slow decline in the group with adequate 
coronary pressure and flow may indicate that late 
consequences of shock on the heart are probably in- 
duced by the composition of blood arising from the 
periphery in shock. 
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Surgical Management of the Dialysis Patient 


M^ OPERATIONS upon patients on maintenance 
dialysis involve risks not associated with patients 
who have adequate renal function. These include the 
metabolic and clinical consequences of uremia such as 
poor wound healing, increased susceptibility to in- 
fection, bleeding tendency, fluid overload and hyper- 
kalemia. Diminution of these risks should be accomplished 
by adequate preoperative dialysis and early resump- 
tion of postoperative dialysis. Extrącorporeal hemodialy- 
sis requires heparinization, and even the carefully man- 
aged regional heparinization technic may result in 
anticoagulation of the patient. Subsequent bleeding 
fróm the operative site may then result in the need for 
earlier repeated dialyses to manage the hyperkalemia and 
azotemia resulting from absorption of the extravasated 
blood. A disastrous circular pattern of dialysis, anticoagu- 
lation, bleeding, hyperkalemia, and more dialysis, anti- 
coagulation, and bleeding is established. 

Early in our experience with cadaveric renal trans- 
plantation, a number of complications resulted from 
bleeding and delayed wound healing. These complica- 
tions were often attributable to the lack of recent 
dialysis before operation resulting in a moderate degree 
of uremia and the need for dialysis early in the poe 
operative period. 

Patients undergoing major operative procedures who 
may require postoperative dialysis include those on 
maintenance dialysis, patients receiving renal trans- 
plants, and patients with acute renal failure. Because of 
additional variables such as immunosuppressive “drugs 
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in the renal transplant patients and prior injuries, in- 
fections, intoxications or other variables in the acute 
renal failure patients, only the chronic maintenance di- 
alysis patients were examined in detail in this report. 
These patients more clearly demonstrate the single ef- 
fect of operation upon the functionally anephric patient. 


Patient Protocol 


Based on our previous experiences, a new protocol 
was designed. The essential features were 1) extracor- 
poreal hemodialysis within 24 hours of the operation, 
2) insertion of a Silastic peritoneal dialysis catheter at 
the time of operation, 3) postoperative dialysis via the 
peritoneal route during the first several days in those 
patients in whom anticoagulation would be a major risk, 
4) resumption of the first hemodialysis by the regional 
anticoagulation technic and, if uncomplicated, subse- 
quent dialyses with system anticoagulation, and 5) pre- 
operative blood transfusion for hypovolemia, and/or a 
hematocrit of less than 25%, administered during dialysis. 

During the period from January, 1968, to January, 
1971, 60 patients were trained for unattended home 
dialysis. All patients were dialyzed with a Kiil artificial 
kidney’ using a Drake-Willock delivery system.? An ex- 
ternal arteriovenous shunt was routinely used. Patients 
were dialyzed three times a week at night while asleep 
for a total of 24 to 30 hours of dialysis per week, The 
diet consisted of 80 Gm. of high biological quality 
protein with 1,500 to 2,500 calories per day with some 
variation for age, sex, weight, and activity. Chemical 
control was monitored by weekly pre- and post-dialysis 
analysis of the blood chemistries. 
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Results 


Seventeen of the 60 patients have undergone 26 major 
operative procedures. All but three of the operations 
were elective [Table 1]. The indication for operation 
was bleeding associated with dialysis in nine patients. 
These included three nephrectomies, four hysterecto- 
mies, one lumbar artery aneurysmectomy, and one supra- 
patellar synovectomy. The indications for all but two 
of the remaining operations were for the complica- 
tions of chronic renal failure, i.e., nephrectomy for hyper- 
tension, four; Thomas shunts® for dialysis, five; para- 
thyroidectomy for tertiary hyperparathyroidism, four; 
Pearman prosthesis* for priapism, one; and iliac arterior- 
raphy for arterial occlusion resulting from retrograde 
catheter aortography, one. One patient was re-explored 
for retroperitoneal bleeding following nephrectomy and 
one patient had an elective splenectomy for hemolytic 
anemia. 


Preoperative Data 


Before 24 of the operative procedures, the patients 
were dialyzed during the 24-hour period prior to opera- 
tion, using systemic heparinization in 12 and regional 
heparinization in seven. Peritoneal dialysis was used in 
five in preparation for operation of patients without an 
A-V shunt or because of a very recent bleeding episode. 
In the other two patients, dialysis was last performed 
3 days prior to an emergency operation. The mean 
preoperative laboratory values were blood urea nitro- 
gen, 39 mg./100 ml.; serum creatinine, 6.1 mg./100 
ml.; and hematocrit, 25%. 

Blood was administered preoperatively during the 
last dialysis in 11 patients for replacement of blood loss 
or to raise the hematocrit to 25%. No patient had evi- 
dence of volume overload, uremia, hyperkalemia, or 
an electrolyte imbalance at the time of operation. Five 
patients had significant fall in blood pressure during 
induction of anesthesia. All five responded to blood and 
saline administration. 


Operative Management 


Bilateral nephrectomies were performed through an- 
terior transverse incisions via an extraperitoneal dissec- 
tion except for polycystic kidneys which were removed 
transperitoneally [Table 1]. Dacron patch applique shunts 
(Thomas shunt)’ were applied to the femoral vessels on 
three occasions and required two revisions for a total of 
five operations. 

In all but eight patients a Silastic peritoneal dialysis 
catheter*® was inserted prior to the completion of the 





* Tenckhoff Peritoneal Dialysis Catheter, Seattle Artificial Kidney 
Supply Co. Seattle, Washington. 
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TABLE 1. Major Operations in Seventeen Dialysis Patients 
Nephrectomy 

Thomas Shunt® 

Hysterectomy 

Parathyroidectomy 

Splenectomy 

Iliac Arteriorraphy 

Suprapatellar Synovectomy 

Lumbar Aneurysmectomy 

Pearman Prosthesis‘ 

Evacuation Retroperitoneal Hematoma 
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operation. The eight without a catheter included seven 
in whom postoperative hemodialysis and possible anti- 
coagulation were not contraindicated. 


Postoperative Management 


Serum potassium levels were monitored every 4 
hours during the first postoperative day and every 12 hours 
thereafter. The indications for peritoneal dialysis were 
a potassium level greater than 5.5 meq/L, a rapid in- 
crease in blood urea levels, or routinely on the second 
or third postoperative day. In three of the 18 patients 
with a peritoneal catheter, no peritoneal dialysis was 
performed [Table 2]. In two of these the catheter was 
contaminated at the time of insertion and had to be 
removed within 48 hours. In the third case, no dialysis 
was indicated until the patient was re-started on routine 
hemodialysis with regional anticoagulation on the third 
day. Seven of the eight patients without a peritoneal 
catheter had uneventful postoperative courses. One 
patient did well until 18 days after the operation when he 
had two episodes of retroperitoneal bleeding while on 
dialysis at home. He was re-admitted and successfully 
managed without re-operation by peritoneal dialysis 
for 7 days. 

The mean duration of postoperative peritoneal dialy- 
sis in the remaining 15 patients was 7 days. Some varia- 
tion of this occurred according to the magnitude of 
operation and potential risk of a postoperative bleed 


TABLE 2. Postoperative Pertioneal Dialysis 
No. Peritoneal Receiving Day Extracorporeal 
Operations Catheters Peritoneal Dialysis Hemodialysis Begun 
before day 7-7 
Yes-15 
after day 7-8 
26 Yes-18 
No-3 3-3 
No-§ 3-1 
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TABLE 3. Postoperative Complications 
Bleeding 2 
Required Transfusion 1 
No Transfusion 1 
Infection 3 
Minor 2 
Major 1 
Allergic Drug Reaction 1 
6 


t 
a 


with anticoagulation. Hemodialysis was begun earlier af- 
ter the neck and extremity procedures and later after the 
intra-abdominal and retroperitoneal procedures. 

Six postoperative complications occurred [Table 3]. 
The two minor infections were due_to placement of 
contaminated peritoneal catheters inserted at the time 
of vaginal hysterectomy. The major infection was a 
pelvic abscess that drained through the vagina. 

Postoperative blood transfusions were administered 
to eight patients. In one it was given for postopera- 
tive bleeding and the other seven received blood for 
hematocrits less than 20%. 

During the first 2 days postoperatively, the most 
common indication for dialysis was a rising serum po- 
` tassium. Levels above 5.5 meq/L often occurred within 
the first 24 hours, Figure 1 is an example of the use of 
peritoneal dialysis for the management of recurrent 
hyperkalemia. 


Discussion 


One of the surprising findings in this study was that 
28% of the patients trained in a chronic home dialysis 
program over the past 4 years required a major operative 
procedure. In addition, the indication for operation was 
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Fic. 1. This patient had an uneventful elective bilateral ne- 
phrectomy. He had no clinical evidence of bleeding and did 
not require blood transfusions. Nevertheless, he had four separate 
episodes of rising serum potassium during the first 3 days that 
were managed by peritoneal dialysis. 
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related to end-stage renal disease, its consequences, or 
the treatment of that disease (dialysis) in all but one 
patient. Hampers et al.? reported 44 operations in 33 
patients. Only two of the operative procedures were per- 
formed for conditions unrelated to chronic renal failure 
or dialysis. 

The principal aims of the preoperative dialysis were 
to ensure maximum metabolic control and avoid fluid 
overload and hyperkalemia. Excessive removal of fluid 
undoubtedly resulted in the hypotension seen in five pa» 
tients during the induction of anesthesia. All responded 
to the administration of 300 to 500 ml. of blood or saline, 
It is obvious that correction of a volume deficit is in- 
finitely simpler and safer than managing a volume over- 
load in these patients. 

No patient died and none were disabled as a result of 
major operation in this series. 

Reducing postoperative bleeding by avoiding hemo- 
dialysis during the first few days was accomplished by 
peritoneal dialysis. The risk of postoperative bleeding 
from hemodialysis appears to far outweigh the risk of 
peritoneal infection from a catheter. We have used post- 
operative peritoneal dialysis routinely for the past 3 
years in renal transplant, chronic dialysis, and in acute 
renal failure patients as early as 4 hours after abdominal 
surgery. Its use has not resulted in abdominal wound 
complications nor interference with the healing of 
intra-abdominal gastrointestinal or vascular anastomo- 
ses. No septic complications have followed its use that 
have not responded to removal of the catheter and 
antibiotic therapy. 

Management of the rising serum potassium is simpli- 
fied by the limited use of peritoneal dialysis to control 
that single parameter when there is no other indica- 
tion for dialysis. The advantages of having a peritoneal 
catheter in place postoperatively can be summarized as 
1) immediate access for dialysis, 2) no special person- 
nel or equipment are required for institution of dialysis, 
3) ease with which limited amounts of dialysis may be 
repeated, and 4) anticoagulation is not required. 

Regular dialysis by one of the methods is continued 
postoperatively to allow for the early resumption of a 
diet. From this experience, there appears to be no dis- 
cernible delay in wound healing or susceptibility to in- 
fection in the well nourished, well dialyzed patient with 
chronic renal failure. 


Summary 


Two important considerations separate patients with 
renal failure from the ordinary surgical population. 
They are the consequences of uremia upon general 
biologic function and the effects of the treatment of 
uremia, specifically anticoagulation for dialysis. 

In a group of 60 home dialysis patients, 17 required 
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26 operative procedures. In all but one of these the 
operation resulted from the consequences of the renal 
failure or its treatment, i.e. bleeding following anticoagu- 
lation during dialysis. 

There were six postoperative complications and no 
deaths. Management of the renal failure included dialysis 
during the 24 hours prior to operation, and on a routine 
basis postoperatively. Anticoagulation was avoided in 
the early postoperative period, by the routine use of 
peritoneal dialysis in those patients in which postopera- 
tive bleeding was a reasonable possibility. The most 
common indication for early institution of dialysis follow- 
ing operation was a rising serum potassium. This problem 
was most easily managed by the limited use of repeated 
peritoneal dialyses. 
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Renal Parenchymal Tolerance to Artery Occlusion: 


=- A-Time and Damage Study in Rats Developing Collateral Circulation 


P. K. DONAHOE, M.D.,* JOHN D. OSMOND, Ill, M.D.t 


DAVID R. STEWART, M.D.,* W. HARDY HENDREN, III, M.D.* 


CUTE RENAL ARTERY OCCLUSION occurs in man from 

trauma and embolization. In order to evaluate 
the role of surgical intervention in these cases it is im- 
portant to define the contribution of collateral blood 
vessels to renal blood flow. This study will describe 
observations of collateral blood flow, both immediate 
and long-term in the rat following acute renal artery oc- 
clusion, as demonstrated by microangiography. It will, 
in -addition, describe the accompanying histologic 
changes in the kidney. 


Methods and Materials 


Sprague-Dawley 6-week-old female rats were fed a 
standard laboratory diet, supplemented by aniibiotics 
for 3 days following operation. Young rats were chosen 
to take advantage of the stimulatory effect of growth hor- 
mone upon collateralization.® 

Group I. In 45 rats the left renal artery was divided, 
followed by Micropaque perfusion studies at inter- 
vals varying from 1 hour to 97 days, to demonstrate pat- 
terns of collateral blood flow to the kidney. 

Group IT. In 10 rats the left renal artery was divided, 
and the right kidney was simultaneously removed, to 
determine if pre-existing collaterals were sufficient to 
sustain life. 

Group HI. In six animals the left renal artery was 
temporarily ligated for intervals of 20 minutes to 4 


hours, after which the ligature was released, and flow 
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to the kidney reestablished for 10 minutes, to demon- 
strate the earliest or most sensitive site of ischemic in- 
jury. Micropaque studies were then performed. 


Microangiographic Technic 

Micropaque is a finely divided barium sulfate sus- 
pension of 4 to 10 microns particle size.1° Selective re- 
gional perfusion was performed by injecting micropaque 
into the aorta via a polyethylene catheter just below 
the renal arteries with the aorta ligated above the 
celiac axis and below the level of insertion of the cath- 
eter, 200 units of USP Heparin were injected prior to 
perfusion to prevent thrombus formation. A 15% Mi- 
cropaque and saline suspension was perfused at a pres- 
sure of 100 mm. Hg for 20 minutes; pressure was kept 
constant with a mercury release bath. The inferior 
vena cava was partially divided to provide an egress 
for the perfusate. Animals were then prepared for his- 
tologic examination by immersion in 10% formalin for 
24 hours; perfusion was continued at 3 feet of gravity 
pressure. Radiographs of the specimens were then made 
using a Faxitron 805 x-ray unit with a Beryllium win- 
dow and a 0.5 mm. focal spot. The factors for radiog- 
raphy were 30 KV, 3 mA, and 4 minutes. One mm 
paraffin imbedded sections of the left kidney were 
made and further radiographs taken at factors of 30 
KV, 3 mA and 1 minute. Stereoscopic pair x-rays were 
analyzed in a Stereorealist viewer providing 8 to 10 
times magnification. Further radiographs of selected 
specimens were taken using high resolution plates pro- 
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Fıc. la (left). Micropaque perfusion of a rat kidney (1 mm 
section) showing meoba, interlobular and arcuate vessels. 
Glomeruli are well filled but can not be appreciated at this mag- 
nification. Vasa recta are well filled. 1b (right). Micropaque per- 
fusion of whole rat kidney 2 hours after division of the renal 
artery. Micropaque fills the arcuate vessels and a few inter- 
lobular vessels. 


viding magnification capabilities of 300 x. Representa- 
tive histologic sections were stained with hematoxalin 
and eosin. 


Results 


Group I. Division of Main Renal Artery 
a) 1-2 hours. Micropaque perfusion filled the major 


interlobar, arcuate, interlobular arteries, and a few 
afferent arterioles, showing that pre-existing collaterals 


Fic. 2. 4 hours after di- 
vision of the renal artery 
the cortex shows stasis, 
tubular destruction & non 
filling of the glomeruli 
with micropaque (100 x) 


ARTERY OCCLUSION 
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are present and patent immediately when the main 
renal artery is occluded. However, histologic exam- 
ination showed early degeneration of tubules, and non- 
filling of glomeruli and vasa recta. Figure la shows per- 
fusion of a normal rat kidney; Figure 1b shows a rat 
kidney perfused 2 hours after ligation of its renal artery. 

b) 3-4 hours. Micropaque filling stopped at the ar- 
cuate vessels. Histology showed further tubular ne- 
crosis and early glomerular damage ( Fig. 2). 

c) 7-24 hours, Micropaque perfusion showed non- 
filling of the intrarenal vessels. The preexisting collat- 
erals noted at 1 to 4 hours became dilated and tortuous. 
Histology showed progressive damage of cortex and 
medulla, except for the cortex nearest to the hilum of 
the kidney. Thus, although collaterals are present, they 
can not sustain the kidney; there is stasis in the vessels, 
followed by thrombosis, and then renal necrosis. 
Figure 3a & b show the microvascular anatomy and 
histology of a kidney from this group. 

d) 5-12 days. Micropaque perfusion showed filling 
of interlobar vessels but not their branches; collaterals 
increased progressively in size, number and tor- 
tuosity. Histology showed progressive renal destruction 
except for the parahilar cortex (Fig. 4a & b). 

e) 16-97 days. The kidney became progressively 
calcified, decreasing to one third of its original size. 
Micropaque perfusion showed continued filling of 
interlobar arteries, but nothing beyond, i.e., no filling 
of arcuate, interlobular or glomerular arteries. Collat- 
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Fic. 3a (left). Micropaque perfusion of the rat kidney 24 hours 
after division. There is essentially no filling beyond the interlobar 
arteries. The collaterals are dilated and tortuous. 3b (right). His- 
tologic sections show stasis in the vasa recta and tubular cellular 
destruction. 


erals further increased in number, size, and tortuosity, 
but were ineffective to preserve the kidney (Fig. 


5a & b). 
Group II. Division of the Left Renal Artery and 
Right Nephrectomy 


All of these rats died within 48 hours, proving that 
collaterals can not support a kidney after acute ligation 
of its main renal artery. 


Group III, Temporary Occlusion 


a) When the artery was occluded for less than 90 
minutes, followed by 10 minutes of arterial reflow, mi- 
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cropaque perfusion showed filling of the glomeruli and 
vasa recta. Histology, however, showed tubular cel- 
lular damage as early as 40 minutes (Fig. 6). 

b) When the artery was occluded for more than 
90 minutes, followed by 10 minutes of reflow, micro- 
paque did not fill vessels beyond the interlobular ar- 
teries. Histology showed stasis in the vasa recta and 
more tubular cellular damage. The glomeruli filled 
poorly except in the parahilar cortex (Fig. 7a & b). 


Discussion 


Collaterals to the kidney, come from six major sources’: 
457.811 (Fig, 8): 1) hilar, from the aorta across the 
stump of the divided renal artery; 2) adrenal, to the su- 
perior capsule and distal renal artery; 3) ovarian, to the 
inferior capsule and the distal renal stump; 4) ureteric, to 
the inferior capsule and to the distal renal artery stump; 
5) lumbar, to the posterior capsule and parahilar area 
and; 6) inferior phrenic, to the posterior and lateral 
capsule. In these experiments, the ureteric and ovarian 
collaterals showed the most striking enlargement with 
some vessels becoming nearly as large as the original 
renal artery. 

The micropaque studies showed three phases of 
collateral revascularization: first, there is immediate 
filling via pre-existing vessels; second, there occurs 
dilatation and elongation of pre-existing vessels; finally, 
there is formation of new vessels. Perfusion studies at 
1 to 4 hours after renal artery division fill the kidney 
but the collaterals are essentially no larger than seen 
on perfusion studies of a normal kideny. At 16-24 
hours the pre-existing collaterals dilate, elongate, and 
become more tortuous when compared with the nor- 
mal collateral anatomy, Neovascularization, as seen as 
a network of small, tortuous vessels at the hilum and 
around the capsule of the kidney, began between 1 and 
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Fıc. 5a (left). The left kidney at 97 days after division of the 
renal artery is markedly atrophic & calcified. The interlobar 
arteries fill well. 5b (right). Large collaterals develop around 
the ureter and from the ovary. 


5 days and progressively increased to the end of the 
experiment, 97 days. Weibel!? demonstrated by elec- 
tron microscopy that neovascularization occurs in the 
rat lungs at 5 days after division of the main pulmo- 
nary artery. The delay in the development of these new 
vessels suggests that there may be a humoral mechanism 
involved similar to that which has been demonstrated 
by Folkman et al.,1° to be responsible for the develop- 
ment of tumor vessels, 

Immediate injury, as demonstrated by reflow studies, 
appears to be reflex, with shutdown of the efferent 
arterioles and vasa recta. This was pointed out by Dieth- 
elm and Wilson,’ using carbon particle injections, and 
confirmed by the present micropaque studies. Heparin 
failed to reduce the damage, indicating that throm- 
bosis was probably not important in this post glomeru- 
lar obstruction of early renal ischemia.? Constriction 
of the vasa recta and efferent arterioles produces back 
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Fic. 6. After 40 minutes of temporary artery occlusion the medul- 
lary area shows widespread stasis in the vasa recta and desqua- 
mation of tubular epithelium (400 x ) 
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Fic. 7a (top). After 4 hours of temporary occlusion micropaque 
perfusion (1 mm section) shows very poor glomerular filling and 
non-filling of the vasa recta. 7b (bottom), The medullary area 
shows destroyed tubules and stasis in the vasa recta. 


pressure and stasis? but flow from the collaterals is 
never sufficient to reopen the efferent arterioles: there- 
fore, thrombosis occurs. The thrombus eventually un- 





Fic. 8. Diagram of major | 
collaterals to the rat kid- 
ney, after 30 days. Many 
of these major collaterals 
are often seen to go di- 
rectly to the distal renal 
artery stump. 
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dergoes lysis leading to collateral refilling of the in- 
terlobar vessels, as noted in the later phases of the 
study. 

Preservation of the parahilar cortex was observed 
from the first hour to the 97th day. As the rest of the 
kidney progressively atrophied, this area appeared 
viable. probably related to the concentration of col- 
laterals around the hilum. There were no associated 
collecting tubules, however, and so, this small area 
of cortical preservation would likely not represent 
preservation of renal function. 


Summary 


Collaterals, consisting of pre-existing vessels and 
new vessels, contribute significantly to thie blood sup- 
ply of the ischemic rat kidney. They appear to spare 
preferentially the parahilar area of the kidney, but 
can not protect the kidney from necrosis w ee the 
renal artery is acutely divided. These studies suggest 
that salvage of a kidney after acute, complete renal 
artery occlusion or interruption must depend on re- 
establishment of its main arterial flow in a very short 
time, possibly within 90 minutes. 
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In 16 years of use in the United States, 
FLUOTHANE (halothane) has been ad- 
ministered over 100 million times ina wide 
variety of surgical procedures. 100 million 
.. extensive usage and evaluation that 
attests to FLUOTHANE as the most widely 
used inhalant anesthetic. ) 

Since it was first introduced, over. . 
4,000 papers worldwide have been pub- 
lished, ranging from review articles to 
in-depth studies. 4,000 papers... 

a bibliographic record of note on the most 
widely used inhalant anesthetic. 

Ina continuing program of informa- 
tional services on anesthesiology, Ayerst 
provides printed and audiovisual.aids - 
reflecting the opinions and experiences of 
recognized authorities in the field. These 
include the highly regarded series on 
Anesthesia Rounds and Clinical Aspects of 
Anesthesiology, as well as several films of 
educational value—all available through 

® your Ayerst Representative. 


FLUOTHANE (HALOTHANE) 
«OVER 100 MILLION 
ADMINISTRATIONS 


è nonflammable, nonexplosive 

è permits use of high concentrations of 
oxygen 

@ allows free use of cautery for more 
adequate control of bleeding 

e minimal odor facilitates smooth, rapid 
induction, reduces patient distress 

è early obtundation of pharyngeal and 
laryngeal reflexes facilitates intubation 
è lessens airway problems 

è permits rapid adjustment of depth of 
anesthesia 

@ emergence is rapid and tranquil with 
quick recovery of protective reflexes 


è minimal nausea and vomiting, shorter 
recovery room stay 
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Description. FLUOTHANE, brand of halo- 
thane, is an inhalation anesthetic. It is 
2-bromo-2-chloro-1, 1, 1-trifluoroethane 
and has the following structural formula: 








F Br 
N Z 
Fe C ——— C Ci 
y 
F H 


The specific gravity is 1.872-1.877 at 
20° C., and the boiling point (range) is 
49° C.-51° C. at 760 mm. Hg. The vapor 
pressure is 243 mm. Hg at 20° C. The 
blood/ gas coefficient is 2.5 at 37° C., and 
the olive oil/ water coefficient is 220 at 
37° C. Vapor concentrations within anes- 
thetic range are nonirritating and have a 
pleasant odor. FLUOTHANE is nonflam- 
mable, and its vapors mixed with oxygen 
in proportions from 0.5 to 50 per cent 
(v/v) are not explosive. 

FLUOTHANE does not decompose in 
contact with warm soda lime. When mois- 
ture is present, the vapor attacks alumi- 
num, brass, and lead, but not copper. 
FLUOTHANE is soluble in rubber, some 
plastics, and similar materials; such ma- 
terials will deteriorate rapidly in contact 
with FLUOTHANE vapor or liquid. Stabil- 
ity of FLUOTHANE is maintained by the 
addition of 0.01 per cent thymol (w/w), 
and storage is in amber colored bottles. 

FLUOTHANE should not be kept indefi- 
nitely in vaporizing bottles not specifically 
designed for its use. It is recommended 
that vaporizers be emptied at the end of 
each operating day. Thymol does not vol- 
atilize along with FLUOTHANE, and there- 
fore accumulates in the vaporizer, and 
may, in time, impart a yellow color to the 
remaining liquid or to wicks in vaporizers. 
The development of such discoloration 
may be used as an indicator that the va- 
porizer should be drained and cieaned, 
and the discolored FLUOTHANE (halo- 
thane) discarded. Accumulation of thy- 
mol may be removed by washing with 
diethyl ether. After cleaning a wick or 
vaporizer, make certain all the diethyl 
ether has been removed before reusing 
the equipment to avoid introducing ether 
into the system. 

Actions. FLUOTHANE is an inhalation 
anesthetic. Induction and recovery are 
rapid and depth of anesthesia can be 


rapidly altered. FLUOTHANE progres- 
sively depresses respiration. There may 
be tachypnea with reduced tidal volume 
and alveolar ventilation. FLUOTHANE is 
not an irritant to the respiratory tract, 
and no increase in salivary or bronchial 
secretions ordinarily occurs. Pharyngeal 
and laryngeal reflexes are rapidly ob- 
tunded. It causes bronchodilation. Hy- 
poxia, acidosis, or apnea may develop 
during deep anesthesia. 

FLUOTHANE reduces the blood pres- 
sure, and frequently decreases the pulse 
rate. The greater the concentration of the 
drug, the more evident these changes 
become. Atropine may reverse the brady- 
cardia. FLUOTHANE does not cause the 
release of catecholamines from adrener- 
gic stores. FLUOTHANE also causes dila- 
tion of the vessels of the skin and skeletal 
muscles. 

Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia. These include 
nodal rhythm, AV dissociation, ventricular 
extrasystoles and asystole. FLUOTHANE 
sensitizes the myocardial conduction sys- 
tem to the action of epinephrine and 
norepinephrine, and the combination 
may cause serious cardiac arrhythmias. 
FLUOTHANE increases cerebral spinal 
fluid pressure. FLUOTHANE produces 
moderate muscular relaxation. Muscle 
relaxants are used as adjuncts in order to 
maintain lighter levels of anesthesia. 
FLUOTHANE augments the action of non- 
depolarizing relaxants and ganglionic 
blocking agents: FLUOTHANE is a potent 
uterine relaxant. 

Indications. FLUOTHANE (halothane) is 
indicated for the induction and mainte- 
nance of general anesthesia. 
Contraindications. FLUOTHANE should 
be avoided when a previous exposure was 
followed by fever and jaundice, or when 
there was an unexplained postoperative 
fever. 

FLUOTHANE is not recommended for 

obstetrical anesthesia except when uter- 
ine relaxation is required. 
Warnings. FLUOTHANE should de used in 
vaporizers that permit a reasonable ap- 
proximation of output, and preferably of 
the calibrated type. The vaporizer should 
be placed out of circuit in closed circuit 
rebreathing systems; otherwise overdos- 
age is difficult to avoid. The patient 
should be closely observed for signs of 
overdosage, i.e., depression of blood pres- 
sure, pulse rate, and ventilation, particu- 
larly during assisted or controlled ventila- 
tion. 

Usage in Pregnancy: Safe use of 
FLUOTHANE has not been established 
with respect to possible adverse effects 
upon fetal development. Therefore, 
FLUOTHANE should not be used in 
women where pregnancy is possible and 
particularly during early pregnancy, un- 
less, in the judgment of the physician, 
the potential benefits outweigh the un- 
known hazards to the fetus. 
Precautions. Cirrhosis or other abnormal- 
ities involving liver dysfunction, including 
a history of viral hepatitis, may be a 
basis for selecting an anesthetic other 
than a halogenated agent. 


The uterine relaxation obtained with 
FLUOTHANE, unless carefully controlled, 
may fail to respond to ergot derivatives 
and oxytocic posterior pituitary extract. 

FLUOTHANE increases cerebrospinal 
fluid pressure. Therefore, in patients with 
markedly raised intracranial pressure, if 
FLUOTHANE is indicated, administration 
should be preceded by measures ordin- 
arily used to reduce cerebrospinal fluid 
pressure. Ventilation should be carefully 
assessed, and it may be necessary to as- 
sist or control ventilation to insure ade- 
quate oxygenation and carbon dioxide 
removal, 

Epinephrine or norepinephrine should 
be employed cautiously, if at all, during 
FLUOTHANE (halothane) anesthesiasince 
their simultaneous use may induce ven- 
tricular tachycardia or fibrillation, 

Nondepolarizing relaxants and gangli- 
onic blocking agents should be adminis- 
tered cautiously, since their actions are 
augmented by FLUOTHANE. 

Adverse Reactions. The following adverse 
reactions have been reported: hepatic 
necrosis, cardiac arrest, hypotension, 
respiratory arrest, cardiac arrhythmias, 
hyperpyrexia, shivering, nausea, and 
emesis. 

Dosage and Administration. FLUOQTHANE 
may be administered by the nonrebreath- 
ing technic, partial rebreathing, or closed 
technic. The induction dose varies from 
patient to patient. The maintenance dose 
varies from 0.5 per cent to 1.5 per cent. 
How Supplied. No. 3125—Unit packages 
of 125 cc. and 250 cc. of halothane sta- 
bilized with 0.01% thymo! (w/w). 


AYERST LABORATORIES 
New York, N.Y. 10017 


FLUOTHANE® (halothane) is available 
in the United States by arrangement with 
imperial Chemical Industries Ltd. 7317 














A 900-patient study* has demonstrated that 
bowel cleansing with a combination of Laxsil® and 
orange juice, unlike purging with harsh cathartics, 
results in “...anon-irritating watery stool... with- 
out electrolyte, protein or excessive fluid loss.” 

Evaluations of rectal smears taken from each 
of the 900 patients to determine evidence of mucosal 
trauma showed that 99% had a “good” to “‘excel- 
lent” response. The study showed that while the 
magnesium hydroxide component of Laxsil pro- 
vided gentle evacuation of solids, the inclusion of 
the simethicone in the formula overcame the visual 
distortion normally caused by entrapped gas. 
Simethicone also prevented adherence of stool par- 
ticles to the bowel wall, eliminating the need for 
cleansing enemas. 

For non-injurious evacuation of the G.I. tract. 
and to avoid visual distortion caused by entrapped 
gas and adhesion of stool particles to the bowel 
wall, Laxsil with orange juice is clearly an improved 
method of preparing the G.I. tract for roentgenog- 
raphy. 


* Marks, M. M. and Mason, W. E.: Improved Methods of Preparing the 


Gastrointestinal Tract for Roentgenography. Abdominal! Surgery, 14:170. 
Sept. 1972. 


an improved method of 


evacuating stool and gas 


Ite 


Laxsil ucus 


Each tablespoon (15 ml.) contains 1.25 gm. magnesium hydroxide 
N.F. and 100 mg. activated simethicone in a pleasantly flavored 
liquid suspension, Available in 8 fl. oz. bottles. 
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Modern method of hemostasis, ideal in virtually all surgical procedures, 
proved quick and effective time and again in these specific operations: 









CRANIAL TUMOR 


THYROIDECTOMY 


SCALENE 
Node Biopsy 
LOBECTOMY 
MASTECTOMY 
VAGOTOMY 
CHOLECYSTECTOMY SPLENECTOMY 
ADRENALECTOMY - 


— NEPHRECTOMY 


APPENDECTOMY 
TUBAL 
RECTAL POLYP LIGATION 
HEMORRHOIDECTOMY 
SAPHENOUS 


VASECTOMY VEIN LIGATION 


TENDON GRAFT 





A. The Hemoclip tantalum 
clip (large, medium, or small) 
is positioned around vessel 
of appropriate diameter. 


B. Tips of the clip close first 


and uniformly, giving sur- 


geon constant control. 

C. Final parallel closure. 
Clip serrations grip tight on 
tissue. 


Please contact Department 003 





WECK’ 


è Hemoclip tantalum clips 
are made of an inert, non- 
irritating, permanently strong 
metal. 


e Applying forceps for He- 
moclip tantalum clips handle 
easily . . . come in many 
lengths and styles. 


for more detailed information. 


EDWARD WECK & COMPANY, INC. « 49-33 31st Place, Long island City, N.Y.11101 









oanty! 


collagenase 


digests debris and 9 collagen that anchors it 


A better beginning 


for the treatment of dermal ulcers 
and burns 













Santyl” (collagenase): 
the first topical enzyme 
> to attack native collagen, 


a substance ordinarily resistant 
to all common proteolytic en- 


| 
| 


Please pmvide additional scientific information on oantyl 
° ointment 


zymes used in wound debride- (collagenase) 
ment 

> to digest denatured collagen, 
the main constituent of dense | gs TETEN 


burn eschar and necrotic de- 
bris that must often be removed 
before healing can take place 





Nursing home affiliation 


Hospital affiliation 
> to dissolve collagenous strands 
that “anchor” debris to the 


wound surface 


a ee ee 
Office address 
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Santyl: new for dermal ulcers and burns 


A cleaner base to build on promotes better healing in the end 


-Necrotic material 
‘is dB¥ally 
‘anchored. to the ™ 
wound, surface by iY 
strands of. = 
undenatured -. i 
collagen. Until” 

these A a 

strands ar- 


debridement is 
incomplete, 
granulation ts ; 
slowed, and no 
Supportive base is 
available for 


epithelization! Artist's conception of healing decubitus ulcer 


Indications: Santy) Ointment is indicated for debriding dermal ulcers and se- 
verely burned areas. In other types of necrotic skin lesions reports on the use 
„of Santyl Ointment have been limited to clinical observations without controls. 
: Contraindications: Application is contraindicated in patients who have shown 
‘focal.or ‘systemic hypersensitivity to Collagenase. 


“[Precautions:. The enzyme's optimal pH range is 7 to 8. Lower pH conditions 
.- Waye a definite adverse effect on the enzyme’s activity, and appropriate 


„= precautions should be taken. 


The enzymatic activity is.also adversely affected by detergents and hexachloro- 
phene:and- heavy metal ions such as mercury and silver which are used in some 
‘antiseptics. When it is suspected such materials have been used, the site should 
be carefully cleansed by repeated washings with normal saline before Santyl 
Ointment is applied. Soaks containing metal ions or acidic solutions such as 
Burow's solution should be avoided because of the metal ion and low pH. 
- Cleansing materials such as hydrogen peroxide or Dakin's solution do not inter- 
~fere with the activity of the enzyme. 


-` Debilitated patients should be closely monitored for systemic bacterial infec- 
-tions because of the theoretical possibility that debriding enzymes may increase 
the risk of bacteremia. 


The ointment should be confined to the area of the lesion in order to avoid the 
risk of irritation or maceration of normal skin. 


A slight erythema has been noted occasionally in the surrounding tissue par- 
ticularly when the enzyme ointment was not confined to the lesion. This can be 
readily controlled by protecting the healthy skin with a material such as Lassar's 
paste. 


Since the enzyme is a protein, sensitization may develop with prolonged use 
although none has been observed to date. 


Adverse Reactions: Adverse reactions to Collagenase have not been noted when 
used as directed. 


Dosage & Administration: Santy! Ointment should be applied once daily (or 
once every other day in the case of outpatients) in the following manner. 


(1) Prior to application the lesions should be gently cleansed with a gauze pad 
saturated in normal saline, buffer (pH 7.0-7.5) or hydrogen peroxide to remove 





No postage stamp necessary if mailed in the United States 






Knoll Pharmaceutical Co. 
30 North Jefferson Road 
Whippany, New Jersey 
07981 





With Santyl, 
debridement and 
Subsequent 
healing have been 
reported to 
proceed rapidly!~3 
A markedly reduced 
incidence of 
hypertrophic 
scarring reported 
with Santyl is 
believed to be 

due to the fact 

that epithelization 
proceeds from a 
completely 
debrided base! 


any film and digested material. 


(2) Whenever infection is present, as evidenced by positive cultures, pus, inflam- 
mation or odor, it is desirable to use an appropriate topical antibacterial agent. 
Neomycin-Bacitracin-Polymyxin B (Neosporin) has been found compatible with 
Santyl Ointment. This antibiotic should be applied to the lesion in powder form 
or solution prior to the application of Santyl Ointment. Should the infection not 
respond, therapy with Santyl Ointment should be discontinued until remission 
of the infection. 


(3) Santyl Ointment should be applied (using a wooden tongue depressor or 
spatula) directly to deep wounds, or, when dealing with shallow wounds, to a 
sterile gauze pad which is then applied to wound. The wound is covered with 
sterile gauze pad and secured with clear tape or Kling bandage. 


(4) Crosshatching thick eschar with a #11 blade is helpful. It is also desirable 
to remove as much loosened detritus as can be done readily with forceps and 
Scissors. 


(5) All excess ointment should be removed each time dressing is changed. 


(6) Use of the ointment should be terminated when sufficient debridement of 
necrotic tissue has taken place. 


Overdose: Action of the enzyme may be stopped, should this be desired, by the 
application of Burow's solution U.S.P. (pH 3.6-4.4) to the lesion. 


How Supplied: Santy! Ointment contains 250 units of Collagenase enzyme per 
gram of white petrolatum U.S.P. The potency assay of Collagenase is based on 
the digestion of undenatured collagen (from bovine Achilles tendon) at pH 7.2 
and 37°C. for 24 hours. The number of peptides cleaved are measured by reac- 
tion with ninhydrin. Peptides released by a trypsin digestion control are sub- 
tracted. One net Collagenase unit will solubilize ninhydrin reactive material 
equivalent to 4 micromoles of Leucine. 

1. Boxer A M et al: Geriatrics, July 1969. 2. Haimovici H and Strauch B: in Mandl 
Ines (ed): Collagenase, Gordon and Breach, New York, 1972, p. 177. 3. Bardfeld 
LA: op cit, p. 191. 4. Varma A O et al: Surg. Gynec. Obstet. 136:281, Feb. 1973. 








A free in-service educational program on the use of Santyl will be provided upon 


Santyl 


collagenase 


| “because of its unique ability 
| 





to hydrolyze native collagen, it 
may prove to be the drug of 
choice for wound debridement. 


nå 


Knoll Pharmaceutical Co. 
30 North Jefferson Road 
Whippany, New Jersey 
07981 
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SLEISENGER & FORDTRAN: 


Gastrointestinal Disease 


From heartburn to parasitic diseases, from hemorrhoids to carcinoid 
tumors—no gastrointestinal disturbance is neglected in this 
monumental volume. In 115 chapters, over 50 contributors offer 
documented techniques for diagnosis. and management, incor- 
porating the latest findings in surgery, endoscopy, environmental 
factors, and pediatric disorders. 


Edited by Marvin H. Sleisenger, M.D., Prof. and Vice Chairman, Dept. of 
Medicine, Univ. of Calif. School of Medicine, §.F.; and John S. Fordtran, 
M.D., Prot. of Medicine, Univ. of Texas Southwestern Medical School. About 
1660 pp., 725 figs. About $35.00. August. - 


KATZ & KADIS: 


Anesthesia in Uncommon Diseases 


A one-of-a-kind volume that relates anesthetic management to the 
pathophysiology of uncommon, though not necessarily rare en- 
tities. System by system, 25 contributors point out the precautions 
called for in managing patients with phenylketonuria, septic shock, 
chronic pyelonephritis, pemphigus—even environmental and be- 
havioral disorders:. 


Edited by Jordan Katz, M.D., Prof. and Assoc. Chairman, Dept. of Anes- 
thesiology, Univ. of Wisconsin Medical School; and Leslie B. Kadis, M.D., 
Asst. Prof. of Anesthésia, Stanford Univ. School of Medicine. About 545 pp. 
fHustd. About $22. 50; August. 
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The Surgical Clinics of North America, August: 


Surgery of the Chest - 
Philip E. Bernatz, M.D., Guest Editor 


This month’s issue bool: the knowledge of 41 Mayo Clinic experts to 
bring you the latest insights into chest surgery. In 23 articles, you'll 
find clinically pertinent information on fung cancer, diffuse pul- 
monary disease, operative respiratory care, anesthesia, tracheos- 
tomy in infants, and much more—all typical of the hard-hitting 
symposia subscribers receive every other month. 


Published bimonthly. Av. 275 pp. iMustd. Hardbound. No advertising. 
Available only by yearly subscription of six consecutive numbers, $21.00. 


tas) M OER RP 


RW B. SAUNDERS COMPANY | i 


West Washington Square, Philadelphia, Pa. 19105 


Please send and bill me: 

C 8363 Sleisenger: Gastro. Disease—About $35.00 
C 5299 Katz: Anesthesia—About $22.50 

C] Surgical Clinics starting August 1973—$21.00 





Let Saunders charpen 
your surgical skills- 
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HENDERSON: 


Orbital | Tumors 


Complete |in one volume: the diagnosis, pathology and 
management of orbital tumors. The author covers 465 cases seen at 
The Mayo Clinic, describing surgical approaches and reporting 
follow-up on many. Important new data is presented on inflam- 
matory pseudotumors, secondary epithelial neoplasms, and in- 
trinsic neoplasms of the lacrimal gland. 


By John W. Henderson, M.D., Chairman, Dept. of Ophthalmology, Mayo 
Clinic. About 785 pp., 370 figs. About $40.00. August. ; 
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YOUMANS: 
Neurological Surgery 


Comprehensive clinical guidance in all aspects of neurosurgery by. . 


over 100 eminent practitioners, researchers and educators. Features: — 


use of echoencephalography in localizing tumors, advances: in ` 
microoperative techniques, application of rostral cingulumotomy. `. 
in cases of intractable pain, management for skull tumors, findings- 

on parasitic brain infections, and much more. 


Edited by Juliah T. Youmans, M.D., Prof. and Chairman, Dept. of Neurosur- 
gery,-Univ. of Calif. at Davis. Three volumes. 2024 pp. 971 figs. $114.00. 
April. 


POPPEN: 
Atlas of Neurosurgery. 
This classic text is being made available again as the perfect work- 


ing companion to Youmans. 248 full-page plates with operative in- 
structions show in step-by-step detail techniques ranging from 
supraorbital neurectomy for trigeminal neuralgia, through 
craniotomy, to operations on peripheral nerves of the leg. From in- 
cision to closure, it’s a time-tested guide to proven methodology. 


| 
By James L. OBREN; M.D:, The Lahey Clinic. 522 pp. 248 plates. $35.00. 1960. 


herent 


(J 4633 Henderson: Orbital Tumors—About $40.00 
L] 9655-7 Youmans: Neurosurgery —$114.00 
C 7290 Poppen: Atlas of Neurosurgery ~$35.00 
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— Sımplified adult dosage guidelines 
In Serious gram-negatroe INJECTIONS... 


WARNING 

Patients treated with GARAMYCIN Injectable should or discontinuance of the drug. a ie 
be under close clinical observation because of the In event of overdose or toxic reactions, peril ton 
potential toxicity associated with the use of this drug. dialysis or hemodialysis will aid in removal of" ; 

Ototoxicity, both vestibular and auditory, can occur gentamicin from the blood. s 
in patients, primarily those with pre-existing renal Serum concentrations should be monitored Be WV. 
damage, treated with GARAMYCIN Injectable, feasible and prolonged concentrations above 12 mcg? 
usually for longer periods or with higher doses than ml. should be avoided. ' 
recommended. Concurrent use of other neurotoxic and/or nephro- 

GARAMYCIN Injectable is potentially nephrotoxic, toxic drugs, particularly streptomycin, neomycin, 
and this should be kept in mind when it is used in kanamycin, cephaloridine, viomycin, polymyxin B, and 
patients with pre-existing renal impairment. polymyxin E (colistin), should be avoided. 

Monitoring of renal and eighth nerve function is The concurrent use of gentamicin with potent 
recommended during therapy of patients with known diuretics should be avoided, since certain diuretics by 
impairment of renal function. This testing is also themselves may cause ototoxicity. In addition, when 
recommended in patients with normal renal function administered intravenously, diuretics may cause a rise 
at onset of therapy who develop evidence of nitrogen in gentamicin serum level and potentiate neurotoxicity. 
retention (increasing BUN, NPN, creatinine or oliguria). USAGE IN PREGNANCY Safety for use in pregnancy 
Evidence of ototoxicity requires dosage adjustments has not been established. 


COPYRIGHT ©1973, SCHERING CORPORATION. ALL RIGHTS RESERVED 
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q 8h. 


The recommended dosage of GARAMYCIN 
Injectable for serious infections in patients 
with normal renal function is 3 mg./kg./day 
administered in three equal doses every 8 hours. 


Life-Threatening Infections: Dosages of up 
to 5 mg./kg./day may be administered in 
three or four equal doses. This dosage 
should be reduced to 3 mg./kg./day 
as soon as clinically indicated. 


Be 
*Due to susceptible organisms | 
k 


= 


L132 Ms. or less 






q 8h. 






In adults with impaired renal function, 
the single dose of GARAMYCIN Injectable 
given by patient weight remains the same 
(3 mg./kg./day); however, the interval 
between doses must be extended. 


This interval may be approximated by multiplying 
the serum creatinine by 8 as follows: 


Serum creatinine oe E frequency of administration 
(mg./100 ml.) i (in hours) 
This dosage schedule is not intended as a rigid 
recommendation, but is provided as a guide to dosage when 
the measurement of gentamicin serum levels is not feasible. 


Duration of therapy—7 to 10 days 
The usual duration of treatment is 7 to 10 days. In 
difficult and complicated infections, a longer course of 
therapy may be necessary. 
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40 mg. per mi. 


Each ml. contains 
gentamicin sulfate equivalent 
to 40 mg. gentamicin 


See Clinical Considerations section which followss 
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LM./IN. 
40 mg. per ml. 


Each ml. contains 





gentamicin sulfate equivalent 
to 40 mg. gentamicin 


GARAMYCIN® Injectable, brand of gentamicin 
sulfate U.S.P., injection, 40 mg. per ml. 

Each ml. contains gentamicin sulfate equivalent 
to 40 mg. gentamicin 

For Parenteral Administration 








WARNING 


Patients treated with GARAMYCIN Inject- 
able should be under close clinical obser- 
vation because of the potential toxicity 
associated with the use of this drug. 

Ototoxicity, both vestibular and auditory, 
can occur in patients, primarily those with 
pre-existing renal damage, treated with 
GARAMYCIN Injectable, usually for longer 
periods or with higher doses than 
recommended. 

GARAMYCIN Injectable is potentially 
nephrotoxic, and this should be kept in 
mind when it is used in patients with pre- 
existing renal impairment. 

Monitoring of renal and eighth nerve 
function is recommended during therapy 
of patients with known impairment of renal 
function. This testing is also recommended 
in patients with normal renal function at 
onset of therapy who develop evidence 
of nitrogen retention (increasing BUN, 
NPN, creatinine or oliguria). Evidence of 
ototoxicity requires dosage adjustments or 
discontinuance of the drug. 

In event of overdose or toxic reactions, 
peritoneal dialysis or hemodialysis will aid 
in removal of gentamicin from the blood. 

Serum concentrations should be moni- 
tored when feasible and profonged con- 
centrations above 12 mcg./ml. should 
be avoided. 

Concurrent use of other neurotoxic and/ 
or nephrotoxic drugs, particularly strepto- 
mycin, neomycin, kanamycin, cephalori- 
dine, viomycin, polymyxin B, and polymyxin 
E (colistin), should be avoided. 

The concurrent use of gentamicin with 
potent diuretics should be avoided, since 
certain diuretics by themselves may Cause 
ototoxicity. In addition, when administered 
intravenously, diuretics may cause a rise 
in gentamicin serum level and potentiate 
neurotoxicity. 


USAGE IN PREGNANCY Safety for use in 
pregnancy. has not been established. 
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INDICATIONS GARAMYCIN Injectable is 
indicated, with due regard for relative toxicity of 
antibiotics, in the treatment of serious infections 
caused by susceptible strains of the following 
microorganisms: 

Pseudomonas aeruginosa, Proteus species 
(indole-positive and indole-negative), Escherichia 





coli and Klebsiella-Enterobacter-Serratia species. 


Clinical studies have shown GARAMYCIN 
Injectable to be effective in septicemia and 
serious infections of the central nervous system 






(meningitis), urinary tract, respiratory tract, 
gastrointestinal tract, skin and soft tissue 
(including burns). 

Bacteriologic tests to determine the causative 
organisms and their susceptibility to gentamicin 
should be performed. 

Bacterial resistance to gentamicin develops 
slowly in stepwise fashion; there have been no 
one-step mutations to high resistance. 

In suspected or documented gram-negat 
sepsis, GARAMYCIN may be considered as init al 
therapy. The decision to continue therapy with 
this drug should be based on the results of 
susceptibility tests, the severity of the infection, 
and the important additional concepts contained 
in the Warning Box. In the neonate with suspected 
sepsis or staphylococcal pneumonia, a penicillin 
type drug is usually indicated as concomitant 
antimicrobial therapy. 

GARAMYCIN Injectable has been shown to be 
effective in serious staphylococcal infections. l 
may be considered in those infections when 
penicillins or other less potentially toxic drugs 
are contraindicated and bacterial susceptibility 
testing and clinical judgment indicate its use. 
CONTRAINDICATIONS A history of hypersensi- 
tivity to gentamicin is a contraindication 
WARNINGS See Warning Box. 
PRECAUTIONS Neuromuscular blockade and 
respiratory paralysis have been reported in the sat 
receiving high doses (40 mg./kg.) of gentamicin. 
The possibility of these phenomena occurring in 
man should be considered if gentamicin is 
administered to patients receiving neuromuscular 
blocking agents such as succinylcholine and 
tubocurarine. 

Treatment with gentamicin may result in over- 
growth of nonsusceptible organisms. If this 
occurs, appropriate therapy is indicated. 
ADVERSE REACTIONS: 

Nephrotoxicity: Adverse renal effects, as demon- 
strated by rising BUN, NPN, serum creatinine 
and oliguria, have been reported. They occur 
more frequently in patients with a history of reral 
impairment treated with larger than recom- 
mended dosage. 

Neurotoxicity: Adverse 
and auditory branches of the eighth nerve have 
been reported in patients on high dosage and/or 
prolonged therapy. Symptoms include dizziness, 
vertigo, tinnitus, roaring in the ears and hearing 
loss. 

Numbness, skin tingling, muscle twitching, 
and convulsions have also been reported. 

Note: The risk of toxic reactions is low in 
with normal renal function who do not receive 
GARAMYCIN Injectable at higher doses or 
longer periods of time than recommended. 

Other reported adverse reactions, possibly 
related to gentamicin, include increased serum 
transaminase (SGOT, SGPT), increased serum 
bilirubin, transient hepatomegaly, decreased 
serum calcium; splenomegaly, anemia, increased 
and decreased reticulocyte counts, granulocyto- 
penia, thrombocytopenia, purpura; fever, rash, 
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to its use, 


effects on both vestibular 


itching, urticaria, generalized burning, joint pain, 
laryngeal edema; nausea, vomiting, headache, 
increased salivation, lethargy and decreased 
appetite, weight loss, pulmonary fibrosis, hypo- 
tension and hypertension. 

DOSAGE AND ADMINISTRATION GARAMYCIN 
Injectable may be given intramuscularly or 
intravenously. 

For Intramuscular Administration: 

PATIENTS WITH NORMAL RENAL FUNCTION* 

Adults: The recommended dosage for 
GARAMYCIN Injectable for patients with serious 
infections and normal renal function is 3 mg./kg./ 
day, administered in three equal doses every 
M F re 

For patients weighing over 60 kg. (132 Ib.), the 
usual dosage is 80 mg. (2 ml.) three times daily. 
For patients weighing 60 kg. (132 Ib.) or less, the 
usual dosage is 60 mg. (1.5 ml.) three times daily. 

In patients with life-threatening infections, 
dosages up to 5 mg./kg./day may be administered 
in three or four equal doses. This dosage should 
be reduced to 3 mg./kg./day as soon as Clinically 
indicated. 

*#In children and infants, the newborn, and 
patients with impaired renal function, dosage 
must be adjusted in accordance with instructions 
set forth in the Package Insert. 

For Intravenous Administration: 

The intravenous administration of GARAMYCIN 
Injectable is recommended in those circumstances 
when the intramuscular route is not feasible (e.g., 
patients in shock, with hematologic disorders, 
with severe burns, or with reduced muscle mass). 

For intravenous administration, in adults, a 
single dose of GARAMYCIN Injectable may be 
diluted in 100 or’200 ml. of sterile normal saline 
or ina sterile solution of dextrose 5% in water; 
in infants and children, the volume of diluent 
should be less. The concentration of gentamicin 
in solution in both instances should normally not 
exceed 1 mg./ml. (0.1%). The solution is infused 
over a period of 1 to 2 hours. 

The recommended dose for intravenous admin- 
istration is identical to that recommended for 
intramuscular use. 

GARAMYCIN Injectable should not be physi- 
cally premixed with other drugs, but should be 
administered separately in accordance with the 
recommended route of administration and dosage 
schedule. 

HOW SUPPLIED GARAMYCIN Injectable, 40 mg. 
perml., 2 ml. multiple-dose vials for parenteral 
administration. 

Also available, GARAMYCIN Pediatric Injectable, 
10 mg. per ml., 2 ml. multiple-dose vials for 
parenteral administration. MARCH 1973 
016 


AHFS Category 8:12.28 


For more complete prescribing details, consult 
Package Insert or Physicians’ Desk Reference. 
Schering literature is also available from your 
Schering Representative or Professional Services 
Department, Schering Corporation, Kenilworth, 
New Jersey 07033. SLR-465 


“Current abstracts are amplified and illuminated by comments of the mem- 
bers of the Editorial Board, based on their own clinical experiences as well as 
those of other recognized authorities”... just one of the reasons why 
Lippincott’s 


REVIEW OF 


SURGERY 


helps Resident (special rate only $11.00) and Veteran Surgeon alike to 
keep up with current progress, trends, and attitudes in all branches of 
surgery and the surgical specialties. 





A true saver of precious reading time—from its detailed Contents Pages to 
its meaty reviews, and abstracts especially classified for reader convenience— 
a typical issue includes: 


e Focus—several Reviews of timely or other 
special significance 
è An original Report of major importance 


e Twenty or more Abstracts with Commentary 
(and oft-times, rebuttal) 


e Residents Corner—comprising Brief (1 to 3-page) 
Reports and Investigations 


$ in-depth Reviews of Current Books in Surgery 


TO PUT THE BIMONTHLY REVIEW OF SURGERY AT YOUR FINGERTIPS NOW, 
SUBSCRIBE TODAY... 


J. B. LIPPINCOTT COMPANY, EAST WASHINGTON SQUARE, PHILADELPHIA, PA. 19105 A/S 


Please enter my subscription to REVIEW OF SURGERY for 1 year (6 issues), at 
O $15 (U.S. and Canada); (3 $17 (all other countries); Resident Rate (0 $11 (U.S. only: 


also note “year” of residency and Specialty ye 
PLEASE PRINT [] Payment Enclosed. 
NAME a ee ae ee ee ee ee ee G Charge my account. 
Address eS eee eT ee ye eer My Specialty is: 
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When life 
hangs on protein intake... 


FreAmine'is life-supportivež 
































mixedin a 1 to 1 ratio with 50% dextrose 
in water, FreAmine provides 6.25 g. of 
completely utilizable nitrogen and 
39 g. of protein equivalent per 
1,000 ml, plus 850 total non- 


protein calories. 


FreAmine is the most concentrated 
parenteral source of amino acids 
obtainable for the prevention 
and treatment of negative nitro- 
gen balance. It is a unique mix- 
ture of 8 essential and 7 non- 
essential amino acids, in 
pure crystalline form to in- 
sure immediate biologic 
availability without sig- 
nificant waste. 


FreAmine is furnished in a 
ready-to-mix kit containing 
everything necessary for 


A basic hyperalimenta- 

| tion, including 50% dex- 

trose in water. Find out 

‘ \ more about how McGaw 
J puts it all together — with 


life-supporting I.V. nutrition 
in convenient kit form. 
Contact your McGaw repre- 
sentative or write for 

free brochure. 


FreAmine promotes 
anabolism and tissue 
synthesis even during 
extended periods of I.V. 
nutrition. Its formula 
is based on the two 
international protein 
standards. When 


N 
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other nutrients, when oral 
alimentation is not feasible for 
prolonged periods and/or 
there is impaired gastro- 
intestinal absorption of protein. 
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Supports life with pure crystallin and treats negative nitrogen balance* ` 


DESCRIPTION: Each 100 ml. contains: FreAmine Amino Acid 
Mixture", 8.5 g; Sodium Bisulfite, U.S.P., less than 0.10 g.; Water 
for Injection, U.S.P. q.s., pH adjusted with acetic acid (approxi- 
mately 20 mEq./1, Acetate). 

Approximate concentration of amino acids {g./100 ml}: 

Essential Amino Acids: t-Isoleucine 0.59; 1~Leucine 0.77; L-Lysine 
HCI 0.77; Methionine 0.45; t-Phenylalanine 0.48; t-Threanine 
0.34; t-Tryptephan 0.13; L-Valine 0.56. 

Nonessential Amino Acids: -Alanine 0.60; L-Arginine 0.31; 
t-Histidine 0.24; t-Proline 0.95; t-Serine 0.50;. Aminoacetic Acid 
(Glycine) 1.8; -Cysteine * HCI » H20 «0.02. Alpha amino nitro- 
gen greater than 80% of total nitrogen present. Concentration of 
Electrolytes (mEq./1.}: Sodium 16, Chloride 45. 

8.5% FreAmine Solution is a sterile, nonpyrogenic solution con~ 
taining pure crystalline amino acids. A 500 mi. unit provides a 
total of 39 g. of protein equivalent and 6.25 g. of nitrogen. 
ACTIONS: 8.5% FreAmine Solution ‘provides, in concentrated 
form. a physiological ratio of completély utilizable amino acids 
for protein synthesis. Used with concentrated carbohydrate solu- 
tions, e.g., 20 to 50% dextrose solutions, as a souzce of calories 
plus electrolytes and vitamins, it provides total parenteral nutri- 
tion. 

INDICATIONS: As an adjunct in the prevention of nitrogen loss, 
or in the treatment of negative nitrogen balance in patients 
where: {1} oral alimentation is not feasible for prolonged periods, 
and (2) there is impaired gastrointestinal absorption of protein, 
CONTRAINDICATIONS: 1. Anuria. 2. Hepatic coma. 
WARNINGS: Administration of amino acids to 2 patient with 
hepatic or renal insufficiency may result in a rise in blood am- 
monia or urea nitrogen. Rare instances of typically asymptomatic 
hypezammonemia have been reported’ in patients with no evi- 


dence of liver dysfunction- receiving total parenteral nutrition. . 


Since it appears dose-related, and more likely to develop in in- 
fants on prolonged total parenteral nutrition, conservative doses 
of amino acids should be given and blood ammonia periodically 
measured. If symptomatic hyperammonemia should develop, the 
nitrozen-containing solution should be discontinued and the pa- 
tient’s clinical status reevaluated. 

The safe use of FreAmine in pregnant women has not been 
demonstrated, . : 

PRECAUTIONS: It is essential to provide adequate calories for 


‘utilization of amino acids. 


Hypertonic nutrient solutions should be administerzd through an 
indwelling intravenous catheter with the tip located in the supe- 
rior vena. cava. 

HYPERALIMENTATION COMPLICATIONS: Potertially danger- 
ous complications can be minimized by adherence to a careful 
protacol by an experienced team of pharmacist, nurse, and physi- 
cian. 

To pzevent sepsis, rigid aseptic technique must be used in solu- 
tion preparation and catheter placement and care. 

The zatheter dressing should be aseptically changed every 2-4 
days and whenever contamination is suspected. 

Consult clinical literature for discussion of management of sepsis 
during hyperalimentation. 

The following metabolic complications have been reported: meta~ 
bolic acidosis, hypophosphatemia, alkalosis, hyperglycemia and 
glycosuria, osmotic diuresis and dehydration, rebound hypo- 
glycemia, elevated liver enzymes, and electrolyte imbalances, 
Frequent clinical evaluation and laboratory determinations are 
necessary to prevent or minimize these complications. 
ADVERSE REACTIONS: Rare instances of hyperammonemia (see 
Warnings}, and minor local reactions consisting of a warm sen- 
sation and erythema when FreAmine and hypertonic dextrose 
were administered by peripheral vein, have been reported. 
DOSAGE AND ADMINISTRATION: Recommended Dietary Al- 
lowances of protein are approximately 0.9 g, per kilogram of body 
weight for a healthy adult and 1.4 to 2.2 g. per kilogram for 
healthy growing infants and children. ** Requirements in trauma 
or malnutrition may be substantially increased. During hyper- 
alimentation daily doses of approximately 1.0 to 1.5 g. per kilo- 
gram of body weight for adults and 2 to 3 g. per kilogram of 
body weight for infants are generally sufficient. 
Calorie-to-nitrogen ratios of at least 100 to 150 nonprotein cal- 
ories per gram of nitrogen have been recommended and may be 
provided by concentrated dextrose. 


Sufficient vitamins, electrolytes, principally potassium, magne- - 


sium, and phosphate, as well as sodium, calcium, and chloride, 
must be given. Calcium and phosphate may be added to alternate 
infusate bottles to avoid precipitation, and sodium and potassium 
addec as acetate or lactate salts to provide bicarbonate precursor, 
Serum electrolytes must be monitored frequently. 
In adults, hypertonic mixtures may be safely administered only 
by continuous infusion through a central venous catheter with 
the tip located in the vena cava. 500 ml. of 8.5% FreAmine Solu- 
tion, appropriately mixed with dextrose, electrolytes, and vita- 
mins, is typically administered over an eight-hour period. Ad- 
ministration rate is governed by protein requirements and glu- 
cose tolerance. Advance dosage slowly with frequent determina- 
tion cf urine and blood sugar levels. ' 
To prevent rebound hypoglycemia, 5% dextrose should be ad- 
ministered when hypertonic dextrose infusions are abruptly dis- 
continued. ` A 
PEDIATRIC DOSAGE AND ADMINISTRATION: Small infants 
(up to 10 kg.) on total parenteral nutrition generally receive 2 to 
3 g. of protein, 100 calories, and 120 to 150 ml. of fluid per kg. of 
body weight per day, provided in a solution of approximately 
2%s% FreAmine in 20%’ dextrose. Advance dosage slowly with 
frequent monitoring. (See Warnings above) 
Large infants and children generally require 50 to 80 calories per 
kg. per day, 
ROUTE: Intravenous, 
CAUTION: Federal (U.5.A.) law prohibits dispensing without 
prescription. 
HOW SUPPLIED: 8.5% FreAmine Solution is supplied sterile and 
nonpyrogenic in $00 ml. intravenous infusion bottles. 
*Crystalline amino acid mixture, isolated and purified from edi- 
ble soybean hydrolysate or synthesized. 
**500 ml. of 8.5% FreAmine Solution contains 6.25 g. of nitro- 
gen, and the equivalent of 39 g. of protein. 


McGAW LABORATORIES 


Division of American Hospital Supply Corporation 
Glendale, California « Milledgeville, Georgia 
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By H. H. G. Eastcott, M.D., FRCS... 


This handsomely-illustrated work offers an ex- 


_cepticnally complete clinical; pathological and 


therapeutic presentation of the entire range 


‘of arterial disorders. The causes: of arterial 
` diseases and injuries are fully described, to- 


gether with precise surgical procedures. The 
entire clinical picture for each disorder is dis- 
cussed, and an abundance of case reports is 
included. 


“Only a surgeon with a breadth and depth of 
experience could present the subject so 
thoroughly and authoritatively. . . . This is 


an outstanding volume which can be highly — 


SILA 


recommended and without reservation to medi- 


cal students, residents, general surgeons, and, 
in this reviewer's opinion, to experienced vas- 
culor surgeons.”—Surgery, Gynecology and 
Obstetrics. 


412 Pages 652 Illustrations 1969 $22.00 


J. B. Lippincott Company 


East Washington Square 
Philadelphia, Pa. 19105 


Please send me: 
Arterial Surgery . <... 922.00 


NAME .. SETE 


ADDRESS . . eeboesetes 


“CITY yas TARRAT te 


STATE (iocissas scvceeages Zip CODE ..... 


[] Payment Enclosed [] Bill me AS 8/73 
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Mix one vial ofELASE 
powder with 50 to 
100 mi. of sodium chlo- 
ride solution and satu- 
rate strips of fine-mesh gauze 
with the ELASE/saline solution. 


Allow gauze to dry in contact 
with the lesion (approximately six 

to eight hours). As the gauze dries, 
the necrotic tissues slough and 
become attached to the gauze mesh. 











Pack the ulcerated area with 
the ELASE-saturated gauze 
strips...making sure the satu- 
rated gauze remains in contact 
with the necrotic substrate. (If the 
lesion is covered with a heavy eschar, : 
it must be removed surgically before — 
wet-to-dry debridement is begun.) 


Remove dried gauze. This 
mechanically debrides the 
area. Repeat wet-to-dry 
procedure three to four 
times daily since frequent 
dressing changes greatly 
enhance results. 

Note: After two, three, or four 
days of ELASE wet-to-dry 
dressings (depending onseverity 
of lesion), the area becomes free 
of necrotic material and starts to 
fill in with granulation tissue. 





the new way is 
wet-to-dry 
. .aebridement with 


Flas Solution 


(fibrinolysin and desoxyribonuclease, 








INDICATIONS: Elase is indicated 
for topical debridement in general 
surgical wounds, ulcerative 
lesions, burns, circumcision and 
episiotomy, and in cervicitis and 
vaginitis. Elase is used as an irri- 
gating agent in infected wounds, 
otorhinolaryngologic wounds, and 
superficial hematomas (except 
when the hematoma is adjacent to 
or within adipose tissue). 


CONTRAINDICATIONS: Elase is 
contraindicated in individuals 
with a history of hypersensitivity 
reactions to any of the compo- 
nents. Elase is not recommended 
for parenteral use since the bovine 
fibrinolysin may be antigenic. 


PRECAUTIONS: The usual precau- 
tions against allergic reactions 
should be observed, particularly 
in persons with a history of sensi- 
tivity to materials of bovine origin 
or to mercury compounds. 

To be maximally effective, Elase 
solutions must be freshly pre- 
pared before use. The loss in 
activity is reduced by refrigera- 


PARKE-DAVIS 


combined | bovine] ) 


tion; however, even when stored 
in a refrigerator, the solution 
should not be used 24 hours or 
more after reconstitution. 


ADVERSE REACTIONS: Side 
effects attributable to the enzymes 
have not been a problem at the 
dose and for the indications 
recommended. With higher con- 
centrations, local hyperemia may 
be a side effect. 


HOW SUPPLIED: Elase (powder) 
is supplied dried in 30-cc. rubber- 
diaphragm-capped vials contain- 
ing 25 units (Loomis) of fibrinolysin 
and 15,000 units (modified 
Christensen method) of desoxyri- 
bonuclease with 0.1 mg. thimerosal 
(mercury derivative). 

Elase Ointment is supplied in 
30-Gm. tubes containing 30 units 
(Loomis) of fibrinolysin and 
20,000 units of desoxyribonu- 
clease with 0.12 mg. thimerosal 
and in 10-Gm. tubes containing 
10 units of fibrinolysin and 6,666 
units of desoxyribonuclease with 
0.04 mg. thimerosal. 


Parke, Davis & Company, Detroit, Michigan 48232 HF 
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‘OXYRIBO- 


(BOVINE) 
pis) Fibrinolysin 


ONE VIAL 


ELASE’ 


> PBRINOLYSIN AND DESO 
Z MBONUCLEASE, COMED 
(BOVINE) 


Store #f no warmer 
30°C. (86*F.). 


PARKE- DAVIS 


Stock 21-256-! 


PA 593 


102171 







when pain goes on... 
and on... 
and on- 





e 
ni 
a 
>| 
she | 
~~ 

+ 


`S Tar a 





ae analgesic formula that calms instead of caffeinates 
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yr the patient with a terminal illness, PAIN past, present, and future can dominate aia 
s thoughts until it becomes almost an obsession. The more he is aware of the pain 
æ is now experiencing, the more difficult it is to erase his memory of yesterday's 
min, and to allay his fearful anticipation of tomorrow's pain. 


rely the last thing this patient needs is an analgesic containing caffeine to stimulate 
ə senses and heighten pain awareness. A far more logical choice is Phenaphen 

th Codeine. The sensible formula provides 1% grain of phenobarbital to take 

ə nervous “edge” off, so the rest of the formula can help control the pain more 
‘ectively. Don’t you agree, Doctor, that psychic distress is an important factor 

most of your terminal and long-term convalescent patients? 
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Phenaphen with Codeine No. 2, 3, or 4 contains: PhenobalbA 
(% gr.), 16.2 mg. (warning: may be habit forming); Aspirin 

(2% gr.), 162.0 mg.; Phenacetin (3 gr.), 194.0 mg.; Codeine 
phosphate, 1⁄4 gr. (No. 2), % gr. (No. 3) or 1 gr. (No. 4) (warning 


indications: Provides relief in severe grades of pain, on low 
codeine dosage, with minimal possibility of side effects. Its use 

thy -frequently makes unnecessary the use of addicting narcotics. 
pion ri erone: Hypersensitivity to any of the components. 

Die al i : As with all phenacetin-containing products, 

8 oF prolonged use should be avoided. Side effects: 

is are uncommon, although nausea, constipation and 
ay occur. Dosage: Phenaphen No. 2 and No. 3— 

è ¥ 3 to 4 hours as needed; Phenaphen No. 4 

4 hours as needed. For further details see 


ıl 
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Bine is now classified in Schedule III, 
Act of 1970. Available on written 
iow, 5 times within 6 

Jaw. 
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Chosen by NASA for Apollo 


When potential moon germs were a threat NASA had selected a 
broad-spectrum BETADINE microbicide for decontamination of the 
lunar capsules in Apollo 11/12/14 splashdowns. 


Now NASA again selects a BETADINE microbicide for environ- 
mental protection of Skylab astronauts against infection. 
BETADINE Solution is circling the earth in orbit, to be used regularly 
for disinfection of certain equipment and for contingencies. 


Chosen by NASA 









ILLUSTRATION: ARTIST S CONCEPT OF SKYLAB IN ORBIT. COURTESY OF THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 





Sky-high microbicidal efficacy plus 
down-to-earth convenience distinguishes 
BETADINE antiseptics. They kill bacteria 

(gram-positive and gram-negative), fungi, 

viruses, protozoa and yeasts. Yet they are vir- 

tually nonstinging, nonirritating and do not stain skin, mucosa. or 
natural fabrics. And they are available in a variety of forms, designed 


and formulated for specific uses. Purdue Frederick 


for Skylab 
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The controversial 


adenoma 


One of the most common 
lesions of the GI tract. Often 
asymptomatic. Often an 
indication of the presence 
and/or development of more 
polyps. It has a much- 
debated relationship to 
colonic cancer. Some think 
it actually degenerates into a 
carcinoma. Some think not. 
When polyps are present in 
the distal colon, the best way 
to find them is through con- 
ventional sigmoidoscopic 
examination. And, be they 
benign or malignant, the best 
therapy is removal. 


Many surgical procedures 
can contribute to temporary 
postoperative constipation. 
To help return bowel function 
to normal as quickly and as 
gently as possible, consider 
FLEET ENEMA for postopera- 
tive constipation relief. 

m Works rapidly, usually 
within 2to5 minutes 


E Cleanses the leftcolon and 
rectum; spares upper por- 
tions of the GI tract 

w Ready to use, easy to use, 
completely disposable 

@ Unique construction regu- 
lates flow; prevents leakage 
and reflux 

w Anatomically correct, 
prelubricated rectal tip 
helps avoid injury to bowel 
wall 


Fleet Enema 


Fast, effective relief of 
postoperative constipation 


Contraindications: Do not use 
when nausea, vomiting, or ab- 
dominal pain is present. Warn- 
ings: Frequent or prolonged use 
of enemas may result in de- 
pendence. Take only when 
needed or when prescribed by 
a physician. Precautions: Do not 
administer to ch'Idren under 
two years of age unless directed 
by a physician. 

FREE BOOKLET. A supply of a 
patient booklet, Protecting 
Yourself with a “Procto” Exami- 
nation, is available, free of 
charge, on request to C. B. 
FLEET CO., INC., P. O. Box 
1100, Lynchburg, Va. 24505. 


C. B. FLEET CO., INC. 
J Lynchburg, Va. 24505 
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You can be there. . . at the 1973 Clinical Con- 
gress of the American College of Surgeons... 
sitting in on key sessions . . . Panels, Sympo- 
siums, Post-graduate Courses . . . all through the 
medium of ACS/CLINITAPES — exclusive, au- 
thoritative sound recordings. 


Introduced in 1972, this new audio-cassette re- 
cording service of the American College of Sur- 
geons helps keep you informed and up-to-date 

. in the privacy of your office... car... or 
home. You hear actual programs from this year’s 
Spring Meeting and Clinical Congress... 
recorded live and reproduced in high quality cas- 
settes. You add to your personal program of con- 
tinuing surgical education with ACS/Clinitapes 
... the way to stay aware of new developments 
and advances in surgery . . . information vital to 
the busy professional. 


Find out more about ACS/CLINITAPES now . . . 
the only cassette program where you choose the 
titles. Mail the convenient coupon today. No 
obligation. 
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to: [\CS/Clinitapes 


55 EAST ERIE STREET © CHICAGO, ILLINOIS 60611 y 


| am interested in more details on ACS/Clinitapes. Please g 
send me, without obligation, information and current titles į 
as soon as available. 


Name ___ 





Street Address. —— ç — 





State __ 








City atta YS |) re 
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SOOTHE WITHOUT 
SENSITIZING 


Tucks pads soothe and comfort two ways after 
anorectal surgery, with no potentially sensitizing 
“caine” type anesthetic. As a wipe, these soft 


cotton flannel pads gently, yet thoroughly cleanse 
as they soothe. As a cooling compress they relieve 
post-operative discomforts. And they can be used 
as often as needed with minimum risk of 
sensitization or over-treatment. 


The solution is 50% witch hazel and 10% glycerine, 
buffered to pH 4.6 to maintain the natural skin 
acid level. 


Trust Tucks for prompt relief of post-operative 
discomforts. And let your patients use them often. 
Send for a trial clinical supply on your Rx 


*The Committee on Pre and Postoperative Care. American 
College of Surgeons Manual of Preoperative and 
Postoperative Care. Second Edition W B Saunders Co 
Philadelphia, Pa 1971. p 423 


FULLER LABORATORIES, INC. 
Eden Prairie, Minnesota 55343 





ATLAS of 


GASTROINTESTINAL 


SURGERY 


KOMEI NAKAYAMA, M.D., Pro- 
fessor of Surgery, and Director 
of Institute of Gastroenterology, 
Tokyo Women's Medical College 


Here is an atlas of exceptional surgical merit 
and surpassing beauty from a distinguished 
Japanese surgeon. Dr. Nakayama presents, in 
vivid, step-by-step fashion the surgical methods 
that have won him international acclaim. 


The author is a pioneer and a world leader in 
the field of esophageal surgery. One-third of 
his atlas is devoted to surgery of this type. It 


includes a description, in minute detail, 


of Dr. 


Nakayama’s reconstruction of the cervical esoph- 
agus using a revascularized segment of the 
bowel. In the remaining two-thirds of the 


atlas you'll find operations on the rest 


of the 


gastrointestinal tract plus the gall bladder, bile 


duct, liver, pancreas, and spleen. 


Surgical indications, pre- and postoperative care, 
and complications are described along with the 
surgical techniques. A beautiful section of the 
atlas contains large photographs of, and in- 
structions for the use of, Dr. Nakayama’s in- 


struments for small vessel anastomosis. 


649 Pages 1500 Illustrations 1969 $42.00 


J. B. Lippincott Company 


East Washington Square 
Philadelphia, Pa. 19105 


Please send me: 
Atlas of Gastrointestinal Surgery...... 
















Revolutionary/ J. 
sweged /f 
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releases 
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New 


Control-Release 


NEEDLE/SUTURES 


eliminate threading for 
interrupted silk suturing 








Leadership in Wound Repair 









Quicker 
fhen 
thes eve 


Control: Release 


NEEDLE/SUTURES 
For Gl anastomosis and fascia closure 











swaged needle 
with each suture. 
Helps provide 
leakproof 
anastomoses. 


Faster. 

Needle releases 
with a tug— 
eliminates need 
for scissors. 





Leadership in Wound Repair 
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orain Abscess 
or tumo? 


IN any Case... 
when nutitiona 
supplementation 
IS INAICATEC 

after surgery 


Berocca is thera 


tablets 


With balanced, high potency B-complex 
and C vitamins... No odor... 

Virtually no aftertaste...Lowest priced 
Rx formula. 


Please see complete product information, 
a summary of which follows: 


Each Berocca Tablet contains: 


Thiamine mononitrate (Vitamin B, ) 15mg 
Riboflavin (Vitamin Bə) 15mg 
Pyridoxine HCI (Vitamin Be) 5mg 
Niacinamide.. M 100 mg 
Calcium pantothenate | .. 20mg 
Cyanocobalamin (Vitamin B,>) Seth 5mcg 
Folicacid...... aT 0.5 mg 
Ascorbic acid (Vitamin C). . 500 mg 








py 


Indications: Nutritional supplementation in condi- 
tions in which water-soluble vitamins are required 
prophylactically or therapeutically 

Warning: Not intended for treatment of pernicious 
anemia or other primary or secondary anemias 
Neurologic involvement may develop or progress, 
despite temporary remission of anemia, in patients 
with pernicious anemia who receive more than 0.1 
mg of folic acid per day and who are inadequately 
treated with vitamin B12. 

Dosage: 1 or 2 tablets daily, as indicated by 
clinical need 


Available: In bottles of 100 and 500. 
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Readings in 


MODERN SURGERY 


Edited by Richard H. Egdahl, M.D. 
and John A. Mannick, M.D. 































Inspired by the enthusiasm generated by their previous 
volume Modern Surgery (1970), the editors have com- 
piled a second collection of the choice articles of surgi- 
cal literature. With the exception of two classic papers, 
the articles presented are entirely new, as are the over- 
views and the annotated bibliographies. 


The book’s purpose is to focus the reader’s attention 
on the best new articles dealing with those areas of 
clinical surgery in which there has been recent change 
or movement. This change might be the introduction of 
new operative techniques or other modalities of patient 
therapy, the critical re-evaluation of established therapy, 
or an updating of results of surgery with recommenda- 
tions for future alterations in technique or patient 
management. 


The format is designed for clarity and easy reference. 
The selected article is brought up-to-date by the author 
in the “overview” which follows each article. An anno- 
tated bibliography follows each overview. 
April 1973, 688 pp., illus. 

Hardcover, $21.50 ISBN 0-8089-0763-8; 
Softcover, $14.50 ISBN 0-8089-0803-0 





Core Textbook of Surgery 


Edited by Richard H. Egdahl, M.D., John A. Mannick, M.D., 
and Lester F. Williams, Jr., M.D. Innovative, comprehensive, 
and up-to-date, this text embodies both the latest knowledge 
in surgery and the new priorities of medical education. Focus- 
ing on “core surgical principles” and problem solving, the 
editors have designed a book of essential information. “It can 
be confidently predicted that this book will rapidly win the 
respect and admiration of students and teachers alike.” — 


NEW ENGLAND J. MED. 
June 1972, 480 pp., Softcover, $8.75 ISBN 0-8089-0772-7; 
Hardcover, $14.50 ISBN 0-8089-0762-X 


GRUNE & STRATTON, INC. 


A subsidiary of Harcourt Brace Jovanovich, Publishers 
111 Fifth Avenue, New York, N.Y. 10003 
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Vascular Injury in Vietnam Combat Casualties: 


Results of Treatment at the 24th Evacuation Hospital 


1 July 1967 to 12 August 1969 


J. JUDSON MCNAMARA, M.D.,* DONALD K. BRIEF, M.D.,* 


HE MANAGEMENT of vascular disease in general has 
[been greatly improved by experience gained in 
the treatment of acute arterial injuries resulting from 
war wounds. During the armed conflict in Vietnam a 
registry of vascular injuries has been maintained which 
has provided a broad summation of the types of injuries 
seen, the methods of surgical management of these 
injuries and the results of treatment. 

The present report concerns a group of patients seen 
at one evacuation hospital in Vietnam (24th) over a 
2-year period. The report is unique in that it represents 
a fairly extensive experience at only one hospital, thus 
providing better standardization of methods of manage- 
ment. Only a small number of surgeons (14) treated 
the majority of the injuries. Interestingly, the informa- 
tion is comparable to the overall Vietnam experience 
as reported by the vascular registry. The one major 
exception is with popliteal arterial injury in which 
the present series is significantly better than the reg- 
istry as a whole. This group of patients is examined 
in greater depth in an effort to determine which changes 
in treatment may have been responsible for the ob- 
served difference. 


Patient Material: 


Two hundred seventy-five patients with peripheral 
vascular injuries were treated at the 24th Evacuation 
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Hospital from 1 July 1967 to 12 August 1969. All Amer- 
ican service personnel were male. There were four 
Vietnamese women. Mean age for the entire group 
was 23.8 years. A vascular injury sheet was compiled 
on each patient (Fig. 1). Arterial repair was judged » 
successful if the extremity survived with a normal 
distal pulse, A viable extremity with absent distal pul- 
ses was judged a failure. Amputation with or without 
distal pulses was also judged a failure. A few other 
failures were accounted for by the necessity of late 
ligation of an initially successful repair because of acute 
hemorrhage from the anastomosis. Patients who died 
less than 48 hours after injury were not included in 
the data. Patients surviving longer than 48 hours were 
then tabulated as to final status of their repair at the 
time of their discharge or death. 


Results 


General information on the group as a whole (Ta- 
ble 1) indicates that in the total group of 275 repairs 
there were 36 failures (13.1%). Amputation rate is 
considerably lower: 18 patients (6.5%). The amputa- 
tion rates of 12.1% for popliteal injury is considerably 
better than previously reported and is discussed in 
more detail below. Success rate did not alter signifi- 
cantly between American servicemen (Table 2) and 
Free World Military Forces (primarily Vietnamese) 
(Table 3). However, the amputation rate, for Free 
World Military Forces was considerably lower. Ven-. 
ous grafts (usually saphenous vein) were utilized in. 
about 40% of all injuries. Primary end-to-end repair 


143 


144 MCNAMARA, BREIF, 


was preferred when feasible. Specific lesions will be dis- 
cussed briefly. In the main, aside from popliteal artery 
injury, treatment and results do not differ significantly 
from the vascular registry data (Table 4). 

Carotid Arterys Thirty-one patients had carotid ar- 
tery injuries (Table 5). Twenty-one injuries involved 
the common carotid and ten the internal carotid artery. 
Injuries to the external carotid vessel were not in- 
cluded in this study. 

Twenty- five patients underwent arterial repair. Nine- 
teen of these patients were neurologically intact pre- 
operatively and remained so postoperativ ely. Six of 
the patients undergoing repair were neurologically im- 
paired preoperatively. Following repair, five of those 
six, patients worsened or died and one remained un- 
changed. 

Six patients were treated only by ligation. The two 
who were neurologically intact before operation re- 
mained so after surgical treatment. Four with serious 
neurologic impairment died. 

Aortic Injury: This included one rapid through and 
through distal aortic arch injury repair with the aorta 
cross clamped. The two abdominal aortic injuries were 
similar to a leaking aortic aneurysm with a large retro- 
peritoneal hematoma. Early proximal control facilitated 
subsequent repair. All three patients survived. 

Axillary Artery: This surprisingly frequent injury 
proved uniformly repairable. The majority were re- 
paired by primary anastomosis. 

Brachial Artery: Injury occurred in 75 patients (Ta- 
ble I) in the overall series, Table 6 summarizes the 
data in American servicemen. Nearly half required 
vein graft for repair. Furthermore, eight patients with 
primary end-to-end anastomosis required re-exploration 
and vein graft interposition. There were four fail- 
ures, two of which required amputation. Both of these 


TABLE 2. 








BEASLEY AND WRIGHT Ann. Surg. + August 1976 
TABLE 1. 24th Evac Hospital 1 July 67-12 August 69 
(All Patients) 
Ven  Post-op Amputation Failures 
Vessel __Cases Grafts Pulses # % 4 %, 
Carotid 31 
Common 21 5 18 == —- 2 0.5 
Internal 10 0 5 — — § 50.0 
Aorta 3 0 3 0 0 0 0 
Axillary 17 4 7 Q 0 0 9 
Brachial 75 35 71 2 27 4 5.3 
lliac 9 2 0 0 0 0 
Common 
Femoral 5 2 4 0) 0 ( 20.0 
Superticial 
femoral {i 39 66 9 tid H 14.3 
Popliteal 59 28 45 7 1.9 13 22.4 
Totals 276 115 238 18 6.5 36 13.1 


Extremity Vascular Injuries 
20/26 Failures associated with comminuted fractures 
15/18 Amputations had vein grafts 


8/9 Amputations in superficial femoral group and the one amputation 
in brachial group were secondary to hemorrhage 


6 Patients requiring amputation had patent grafts at time of amputa- 
tion. Failure was due to distal soft tissue injury and venous 
damage. 


patients had fractures of the humerus and in one, the 
anastomosis was impaled postoperatively by an un- 
stable fracture fragment. This was the only instance in 
which an anctapilzed fracture clearly contributed to 
repair failure. The incidence of failure is higher in 
all extremity vascular injuries with major long bone 
fracture (Table 7). However, major distal soft tissue 
injury as a nearly uniform accompaniment of fractures 
and the actual role of the fracture is difficult to assess. 

Iliac Artery Injuries: These are uncommon and nearly 
always repairable. In all probability, massive iliac 


24th Evac Hospital 1 July 67-12 August 69 


(American Servicemen ) 














Failure 
(Amputation, Ligation or 


Vessel Cases Ve ein Grafts Post-op Pulse Amputation Loss of Pulse) 

Carotid 25 

Common 16 4 14 0 

Internal 9 Q 5 4 
Aorta 

(Includes Subclavian) 3 0 3 0 
Axillary 

(Includes Subclavian) 14 3 14 () 
Brachial 64 31 Gİ 2 3 
Common Iliac 3 0 3 0 
External Iliac 6 2 6 0) 
Common Femoral 3 2 2 1 
Superficial Femoral 65 33 54 9 11 
Popliteal 49 it 29 6 12 

Totals 232 102 19] 17 31 


m 


? 
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artery injury probably precludes survival sufficient to 
reach the hospital, accounting for the relative rarity of 
these injuries. 

Femoral Artery: Common femoral injury presented 
no unusual problems. Amputation rate with superficial 
femoral injury remains at nearly 12%. Massive soft tis- 
sue injury, associated fracture, and venous injury were 
all associated with an increased failure rate, Sepsis in 
large soft tissue defects was the common cause of 
failure beyond a day or so. When soft tissue injury 
was extensive, every effort was made to repair venous 
injury as well as arterial injury if present. It frequently 
seemed that inadequate venous outflow for a leg was a 
cause of edema with resultant compromise of arteriolar 
and capillary blood flow and distal ischemia. Two pa- 
tients had arterial anastomoses at the time of amputa- 
tion. Venous repair was not always feasible in the 
femoral area and the importance was not as clearly 
identified as with popliteal vascular injuries to be dis- 
cussed next, 

Popliteal Injury: Injury to the popliteal artery was 
the one area in which significant differences existed 
between the results in the current series and that pre- 
viously reported. In the overall series, 59 patients un- 
derwent popliteal artery repair. There were 13 failures 
but only seven (11.9%) required amputation (Table 8). 
Popliteal injuries are evaluated in greater detail be- 
cause of these improved results. Venous injury and 
fracture again portended a worse result (Table 9). 
Every effort was made to repair both the vein and the 
artery in patients with this particular injury at this 
hospital. As can be seen, of 29 patients with con- 
comitant venous injury, the vein was repaired in 19 
(66%). Furthermore, the success rate of 79% in pa- 
tients with venous repair compares strikingly with 
the 30% success rate when the venous injury could 
not be repaired. Finally, of patients requiring ampu- 
tation, four had patent arterial repairs at the time. All 
four had associated venous injury and distal soft tis- 
sue defects. 

Again, fractures were associated with a much higher 
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TABLE 3. Additional Vascular Repairs 24th Evac Hospital 
(Not American Servicemen) 


Vein 
Vessel Cases Graft . Pulse Amp Failure 
Carotid 6 chs aes 
Common 5 1 4 2 
Internal 1 a | 
Axillary 3 1 3 
Brachial 11 4 10 1 
Common Fem. 2: 2 
Sup. Fem. 12 6 12 
Popliteal 10 2 7 1 1 
Totals 44 14 38 1 > S 


failure rate and amputation rate. Patients with fractures 
usually had significantly greater associated soft tissue 
injury and loss of venous collateral. It was this’ phe- 
nomenon, rather than fracture instability that appeared 
to raise the failure rate in this group of patients, In 
no instance was a failure of superficial femoral or 
popliteal artery repair the direct result of facture in- 
stability in the present series, Overall results of pop- 
liteal artery injuries are reported in Table 10. 


Discussion 


The present report outlines the results of treatment — 
of arterial injuries at one evacuation hospital in Viet- 
nam over an 18-month period. Methods. of repair were 
based on standard principles and technics of-vascular 
repair. Adequate but limited vascular debridement was 
undertaken in the vast majority of instances for low 
velocity missile injuries. End-to-end anastomosis was 
preferred if it could be done without tension. Careful, 
adequate wound debridement and hemostasis were 
essential to the prevention of sepsis, a major cause of 
failure following repair. Fractures may not be internally 
immobilized with these open, dirty wounds but it was 
the distinct impression of the authors that adequate 
external immobilization was sufficient to assure protec- 
tion of the suture line in extremity injuries.® 

Two specific areas deserve special emphasis: carotid 
artery and popliteal artery injuries. 


TABLE 4. Vascular Repair-Early Results 


W.R.G.H. Registry 


WW II 
Vessel % Amp Cases Failures 

Axillary 50% 22 10 
Brachial 26% 103 23 
Aorta 3 0 
Iliac 3 1 
Common Fern. 81% 24 6 
Sup. Fem. 55% 116 24 
Popliteal 75% 77 23 

Totals 349 87 


24th Evac 
Amp % Cases Failures Amp % 
4.5% 13 0 0 
2.9% 64 3 3.1% (2) 
0 2 0 0 
0 9 0 0 
8.3% 3 1 0 
10.3% 65 11 13.8% (9) 
37.5% 49 12 12.2% (6) 
12.7% 205 27 8.3% (17) 
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TABLE 5. Thirty-one Carotid Artery Injuries 
Total Cases Repaired Ligated 
Common 21 20 1 
Internal 10 D 5 


25 Patients Repaired: - i 
19 Patients neurologically intact pre-operatively all normal 
, heurfologically post-operatively. 
"6 Patients neurologically impaired pre-operatively. 
- 3 died 
2: worsened 
1 no improvement 
6 Patients Ligated: 3 
2 Neurologically intact pre-operatively remained so post- 
operatively-ligation because technically unrepairable. 
Neéurologically impaired pre-operatively died. 


sails 
gi Ma ter 


The present data corroborate accumulated civilian 
experience with acute strokes due to carotid occlusion. 


In the presence of a fixed, established neurologic deficit, . 


carotid repair cannot improve and may worsen the ulti- 
mate outcome. When neurologic deficit is not estab- 


lished, the carotid injury can be repaired with virtu- . 


ally 100% rate of success and the salvage of an intact 
functioning carotid vessel on the injured side? 

Popliteal artery injury has long been associated with 
,an exceptionally high amputation rate. During W.W. II 
- when ligation was the accepted treatment, the ampu- 
tation rate’ was 85%. The Korean War and the early 
experience with the war in Vietnam indicate an am- 
_putation rate of about 33% with repair of popliteal 


artery injuries, Evaluation of these injuries has sub- 


stantiated the high proportion of concomitant venous 
injuries. 

In the present series the extreme effort made to per- 
form concomitant venous repair appears to be respon- 
sible for the marked improvement in the results of 


treatment of popliteal artery injuries reported in the . 


present series. The importance of concomitant venous 
repair has been suggested by Barcia and others! and 
based on the present study, we would recommend it 
as an essential part of repair of all popliteal and femoral 
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TABLE 6. Extremity Vascular Injuries 
(American Servicemen) 


Amputation Viable 


Vessel Cases Amp. Rate 0 Pulse Fx. Fasciotomy 
Brachial 64 2 3.1% 1 20 5 
Superficial 

Femoral 65 9 13.8% 2 23 18 
Popliteal 49 6 12.2% 6 17 35 

178 17 , 9 59 53 


Totals 


vascular injuries. Interposition saphenous vein grafts 
are necessary when primary, end-to-end venous repair 
cannot be established. At the same time, every effort 
should be made to preserve all existing venous collat- 
erals and the saphenous vein from the injured leg should 
be preserved if at all possible. Any necessary vein 
grafts for arterial or venous repair must be obtained 
from the opposite leg. In bilateral extremity injuries in 
which amputation was necessary on one side and ar- 
terial repair on the other, a piece of uninjured super- 
ficial femoral artery was used aay in two cases. 
instead of saphenous vein. 

The use of a vein graft for venous repair is based 
on the hypothesis that even though the graft has little 
hope for long-term patency, function for only a few 
days will be sufficient to prevent massive edema, allow 
existing edema to subside ‘and new collaterals to be 
established. A laboratory model in experimental ani- 
mals is not available to test this hypothesis but it is felt 
to be strongly supported by the available clinical evi- 
dence. a 

A major problem in the handling of several of these 
wounds, particularly in the excavating anterior thigh 
wound with loss of large segments of the superficial 
femoral artery is the matter of the exposed graft. If at 
all possible the graft must be covered with viable tis- 
sue, either a rotated skin flap or viable muscle. An 
exposed suture line is prone to become infected and 
hemorrhage even with autogenous tissue. One should 
consider primary extra anatomic bypasses in this type 


TABLE 7. Influence of Fracture on Outcome of Vascular Repair in Extremities 


(American Servicemen) 
Amputation Failure* 
Total Total Without With Without With 
Vessel Cases Fracture Fracture Fracture Total Fracture Fracture Total 
Lh Eh h h h # % 
Brachial 64 20 0 0 2 10 2 3.1 1 2.3 2 10 3 4.7 
(Humerus) 
Superficial 65 23 2 4.7 7 30 9 13.8 3 7.1 8 34.8 11 16.9 
Femoral (Femur) 
Popliteal 49 17 1 3.1 5 29.4 6 12.2 2 6.3 10 58.8 12 24.5 
(Tibia) 
Totals 178 60 3 2.5 14 23.3 17 96 6 5.1 20 33.3 26 14.6 


* Amputation, Ligation or Loss of Pulse 
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TasLe 8. Vascular Repair for Popliteal Vessel Injury 
Successful Failed 
Repair Repair Totals 

Arterial Repair 47 12 59 

End to End 25 2 27 

Lateral Arteriorrhaphy 3 — 3 

Vein Graft 19 10 29 
Venous Repair 

End to End 7 2 9 

Venorrhaphy 5 2 7 

Vein Graft 3 — 3 

Ligation 3 7 10 
Fasciotomy 29 8 37 


of case if adequate coverage of a graft is impossible in 
its usual anatomical position. 

In several instances in which separate incision was 
made for exploration and repair of the arterial injury, 
primary wound closure was employed with wide de- 
bridement of the entrance and exit wounds with de- 
layed primary closure of these wounds on the 4th and 
Sth day. If the exploration and repair of the arterial 
injury was performed through the missile wound itself, 
the wound of injury was then handled in the usual 
fashion with careful debridement, coverage of the graft 
with viable tissue when possible and delayed primary 
closure. 

At the time of exploration of the vascular injury the 
patency of the distal arterial tree must be assessed and 
patency assured by the passage of Fogarty catheters. 
In numerous cases good back bleeding was present, 
yet with passage of the embolectomy catheters exten- 
sive thrombotic material was removed. It is axiomatic 
that back bleeding is no assurance that the major 
arterial tree distal to the injury is free of thrombosis. 

Concomitant fasciotomy was performed in associa- 
tion with repairs of injured brachial, superficial femoral 
and popliteal arteries (Table 4). In the popliteal ar- 
tery series in which soft tissue damage and venous 
injury cause tremendous distal swelling, fasciotomy 
was employed early and in most of the cases (35 of 
49). In the majority of these fasciotomy was carried 
out at the time of the reconstructive surgery. 


TABLE 9. Type of Popliteal Vascular Injury 


Successful Failed 
Repair Repair Totals 

Arterial Injury 47 12 

Thrombosis 4 0 4 

Laceration or Perforation 17 1 18 

Transection 26 11 37 
Venous Injury 18 11 29 
Associated Long Bone 

Fracture 8 9 17 
Massive Distal Soft Tissue 

Injury 3 8 t1 


eM ar. 
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TaBLE 10. Results of Vascular Repatr for Popliteal Vessel Injury 
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Successful Failed 
Repair Repair 
Nortel Pulse, Viable Leg 47 (80%) _ 
Absent Pulse, Viable Leg ne 
Amputation 7 (11.9%) 
Normal Pulse Non-Viable Leg 4 
Failed Repair 12 (20%) 
Sepsis aan 2 
Re-exploration 2 8 
Deaths Unrelated to Vascular 
Repair 3 i 
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Conclusion and Summary 


Two hundred seventy-six patients with vascular in- 
jury treated at the 24th Evacuation Hospital, Republic 
of Vietnam are reported with an overall success rate 
of 86.9% and a 6.5% amputation rate. The following 
principles are of importance in the management of 
vascular injuries: 

1. Wide exposure with careful debridement of the 

injured extremity. 

2. Adequate mobilization of the ends of the debrided 
artery to allow approximation without tension 
where possible. 7 

3. Use of reversed saphenous vein graft obtained 
from the uninjured leg if primary end-to-end 
anastomosis could not be achieved. 

4, Distal thrombectomy in all cases with the Fog- 
arty catheter regardless of the presence of back 
bleeding. 

5. Regional distal heparinization after clearing the 
distal arterial tree. 

6. Repair of any major venous injury whenever tech- 
nically possible. 

7. Covering all grafts with viable tissue. Consider 
extraanatomic bypass when it is anticipated that 
coverage cannot otherwise be accomplished. 

8. Adequate immobilization of the injured extremity 
when the vascular injury is associated with un- 
stable long bone fractures. 

9. Immediate or early fasciotomy when venous in- 
jury and soft tissue damage can be expected to 
produce significant edema after arterial repair. 
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Muscular Tumors of the Stomach: 


Clinical and Pathological Study of 113 Cases 


KEVIN MORRISSEY, M.D., EUN SOOK CHO, M.D., GEORGE F. GRAY, jR., M.D., 


IAGNOSIS OF most gastric muscular tumors presents 
D little difficulty to the surgeon or pathologist. The 
commonest type are benign leiomyomas, which are often 
small lesions found incidentally at operation or autopsy. 

-Leiomyosarcomas are much rarer and their fully malig- 

nant nature is usually evident when the lesion begins to 
cause symptoms. Nevertheless, some benign tumors can 
also cause symptoms, and, when the histologic appear- 
ance. is atypical, diagnosis can be difficult. In order to 
` evaluate criteria for benignancy and malignancy, we 
have studied. the clinical histories and pathologic find- 
ings of 113 gastric muscular tumors seen at The New 
York Hospital-Cornell Medical center between 1948 and 
1970. 

Eighty-three of the patients had leiomyomas, in- 
cluding four with multiple tumors, four had muscular 
hamartomas, one had hamartoma and leiomyoma, ten 
had leiomyoblastomas and 15 had leiomyosarcomas 
(Table 1). There were no rhabdomyomas or rhabdomyo- 
sarcomas. 


Leiomyomas 


Leiomyomas comprised the largest group of gastric 
muscular tumors. A total of 92 tumors in 83 patients 
were studied, since one patient with a symptomatic 
hamartoma had an incidental leiomyoma, two patients 
had two Jeiomyomas each and three patients had three 
tumors each. Twenty-three tumors had an atypical his- 
tologic appearance characterized by nuclear prominence 
with or without marked pleomorphism and without the 


epithelioid appearance of leiomyoblastoma. We have 
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designated these as “cellular” leiomyomas and the re- 
maining tumors as “ordinary” leiomyomas. Because the 
cellular leiomyomas may cause more histopathologic’ 
difficulty they will be considered separately. 


Ordinary Leiomyomas 


Ordinary myomas occur in equal frequency in men 
and women. Slightly over half occur between ages 50-70 
and most of the others over age 70. Most of the 60 pa- 
tients with these tumors were asymptomatic; the lesions 
were discovered at autopsy in 22 patients and at opera- 
tion for some other condition in 28. Only 10 patients had 
symptoms which could be attributed to leiomyoma and 
resulted in treatment directed primarily to that condition. 
Pain was the most frequent complaint. Symptoms of gross 
bleeding or of a mass were uncommon. The symptoms 
are summatized in Table 2. All of the symptomatic 
patients had a radiographic filling defect, diagnosed 
specifically as a leiomyoma in half the cases. No con- 
sistent clinical history, laboratory values or radiographic 
abnormalities could be found in the patients with tumors 
discovered at autopsy or incidental to other operations. 
Not surprisingly a large number of these patients had 
coincidental peptic ulcers, gastric adenocarcinoma or 
gallbladder disease which was the primary reason for 
operation. 

Grossly, leiomyomas presented as well circumscribed, 
pale, nodular intramural masses. Smaller tumors were 
generally confined to the muscularis propria, but as size 
increased, there was distortion of serosa and mucosa. 
Larger tumors sometimes had a “dumb-bell” shape, prob- 
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TABLE 1. Mode of Diagnosis af 113 Patients with 
Gastric Muscular Tumors 
Incidental Incidental Symptomatic 
Lesion Autopsy Operation Operation 
Hamartoma l A 2 
Ordinary Leiomyoma TR 28 10 
Cellular Leiomyoma 3 8 12 
Leiomyoblastoma 1 | 8 
Leiomyosarcoma 0 l 14 
Totals 27 40) 46 





ably due to less resistance to growth offered by the 
mucosa and serosa. In most instances, the mucosa was 
stretched over the tumor and remained intact (Fig. 1). 
However, in a few cases, ulceration occurred over the 
mass with a crater extending deep into the tumor. Central 
necrosis was also seen occasionally. 

The size of ordinary leiomyomas was 0.5 to 25 cm, 
but only seven tumors were larger than 3 cm. and the 
median size was only 1 cm. The ten tumors in symptomatic 
patients were all at least 1 cm. in diameter with a 
median size of 2 cm. (Table 3). Most of the leiomyomas 
were located on the anterior gastric wall but were rather 
evenly distributed between fundus, body and antrum. 
A disproportionate number of the larger tumors of all 
types were in the fundus and antrum rather than the 
body of the stomach. 

Microscopically, the tumors consisted of bundles of 
smooth muscle that closely resembled normal muscle so 
that in many instances only the whorling pattern (Fig. 2) 
distinguished the tumor from normal musculature. Nuceli 
tended to be uniform and appeared oval or spindly 
when seen in longitudinal sections. Multinucleate cells 
were occasionally seen but mitotic figures were an ex- 
treme rarity. In some tumors the nuclei lay in parallel 
rows, “palisading”, a well recognized phenomenon in 
smooth muscle tumors that should not lead to a diag- 
nosis of a neurogenic tumor even though the appearance 
is similar to that of the Antoni A areas of neurilemmoma 
(Fig. 3). 

Local excision was adequate therapy. The amount of 
stomach removed depended on location and size of 
the tumor. In some instances only an excisional biopsy 
was needed but an extensive resection was required for 
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NiG;,. 1; 
protrudes into lumen with stretching of the intact overlying 
mucosa. Although there is a small focus of central necrosis, the 
histologic classification was ordinary leiomyoma. 


Gastric Leiomyoma. A pale nodular intramural mass 


a large tumor. No patients died of leiomyoma and no 
recurrences were recorded. 


Cellular Leiomyoma 


Patients with this histological variant of leiomyoma had 
the same age and sex distribution as those with ordinary 
leiomyomas. A smaller proportion, 11 of 23, were asymp- 
tomatic, three being incidental findings at autopsy and 
eight at operation for another condition. The clinical 
presentation of the 12 symptomatic cases was in general 
similar to symptomatic patients with ordinary leiomyomas 
(Table 2), but with a larger number having evidence 
of gross bleeding. In all of the symptomatic patients a 
lesion was demonstrated radiographically, but a specific 
diagnosis of leiomyoma was made only in approximately 
half the cases. 

Although the size range of cellular leiomyomas was 
similar to ordinary leiomyomas, the median size was 
larger, 4 cm. and the median size of the tumors causing 
symptoms was 6 cm. (Table 3). These tumors were 
somewhat more frequently located on the anterior gas- 
tric wall and also more frequently found in the fundus 








TABLE 2. 
No. 
Pts Lesion Pain Melena 
2  Hamartoma 2 1 
10 Ordinary Leiomyoma 5 1 
12 Cellular Leiomyoma 6 7 
8  Leiomyoblastoma 3 3 
14 Leiomyosarcoma 7 5 











Tender- 





Hema- Weight 

temesis Weakness Loss Mass ness 
0 1 () 0 0 
0 0 2 2 2 
2 5 2 1 0 
3 3 2 2 ] 
2 10 6 5 5 


TABLE 3. 
All Cases 
Leison Range Median 
Hamartoma 0. 5-2 S 
Ordinary Leiomyoma 0. 5-25 I 
Cellular Leiomyoma 1-20 4 
Leiomyoblastoma 1. 5-30 5 
Leiomyosarcoma 2-25 10 





| 
| 


* Less than three cases. 


or antrum than in the body of the stomach. The gross 
appearance of this group of tumors was similar to that 
observed in ordinary leiomyomas, namely, an intra- 
mural mass, usually firm and paler than the surrounding 
musctlaris. Mucosal ulceration was noted in a third 
of the cases, probably a reflection of the larger size of 
these tumors. 

Histologically, these lesions were similar to the ordinary 
leiomyoma except that, in at least some foci, the nu- 
clear: cytoplasmic ratio was increased, giving a cellular 
appearance (Fig. 4). In some instances giant nuclei or 
bizarre forms were also observed. Palisading was also 
frequent. Mitotic figures seemed uncommon, and to 
confirm this we counted the mitotic figures in 15 high 
power fields (HPF 500X) in each of the cellular leiomyo- 
mas, leiomyoblastomas and leiomyosarcomas. In the cel- 
lular leiomyomas there were 0 to 25 mitoses per 25 HPF, 
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Size Range (Maximum Diameter in cm.) of Gastric Muscular Tumors 


Incidental Symptomatic 
Range Median Range Median 

x * * * 

0.5-6 1 1-25 2 

2-11 3 2-20 6 

ji i 1. 5-30 5 

. + 2-25 10 





the median being two per 25 HPF. The largest number 
of mitoses seen in any single HPF was four and no 
mitotic figures were seen in the majority of HPF. 

Treatment was local excision, either a wedge resec- 
tion or partial gastrectomy, depending on the size and 
location of the lesion. Local recurrence was found at 
autopsy in one patient who died of an unrelated con- 
dition 5 years after diagnosis and local resection, but 
none of the other patients was known to have any 
recurrence and none died of tumor. 


Hamartoma (Synonyms: Adenomyoma, 
Heterotopic Pancreas) 


These malformations are similar to leiomyomas in 
clinical presentation and gross appearance. All lesions 
were small, between 0.5 and 2.5 cm., and were intra- 
mural masses in which the most prominent component 


Fic. 2. Whorling pattern 
of smooth muscle tumors. 
The spindly cells closely 
resembling normal smooth 
muscle lie in interlacing 
bundles so that some are 
seen in longitudinal sec- 
tion and others in cross 
section (H&E 250x). 
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Fic. 3. Palisading in 
Leiomyoma. The elon- 
gated, spindly nuclei 
tend to lie in parallel 
bundles. This is a com- 
mon appearance of 
smooth muscle tumors 
and does not connote neu- 
ral origin (H&E 250x). 





was interlacing bundles of smooth muscle like that seen acinar tissue was identified in this group. Three of the 
in ordinary leiomyomas, However, in each instance, tumors were incidental findings at operation or autopsy; 
epithelial elements similar to pancreatic or biliary ducts two caused symptoms. The age distribution, symptoms, 
were seen within the muscular bundles. No pancreatic signs and mode of diagnosis were virtually identical ` 


9 rie a,” “} . Ay, Ps 





Fic. 4. Cellular Leiomy- 
oma. Nuclei are promi- 
nent relative to cyto- 
plasm giving a “cellular” 
appearance. Pleomorph- 
ism is often seen focally, 
but mitoses are rare 


(H&E 250x). 








to ordinary leiomyomas of similar sizes. Histologic diag- 
nosis: depends on identification of ductal or glandular 
tissue within the smooth muscular mass. Local excision 
was curative. 


Leiomyoblastoma 


Ten tumors were classified as leiomyoblastoma, a 
designation proposed by Stout‘ for a group of relatively 
uncommon gastric muscular tumors characterized by 
bizarre histologic appearance, especially round or cuboi- 
dal cells with a clear cytoplasm and epithelioid (Fig. 5) 
or vascular pattern. The term leiomyoblastoma was 
proposed since it “carried no definite implications or 
benignancy or malignancy”. Actually, only two of Stout’s 
original 69 patients had an unfavorable outcome. Although 
the pattern said to be typical of leiomyoblastoma was 
seen in some fully malignant tumors, we have classified 
all such lesions as leiomyosarcoma and have reserved the 
designation leiomyoblastoma for those cellular lesions 
with an epithelioid appearance in which we found no 
evidence to warrant a diagnosis of sarcoma, in particular 
no increase in mitoses. We think these are only his- 
tologic, not biological variants of leiomyoma, a concept 
supported by demonstration of smooth muscle elements 
by electron microscopy,” but have retained this classifica- 
tion because it is a recognizable variant of a benign 
tumor that has been misdiagnosed as leiomyosarcoma, 
carcinoma or as a vascular or neural tumor. 
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Fic. 5. Leiomyoblastoma. 
In this section the cells 
are cuboidal and form 
cords, mimicking carci- 
noma. Nuclear pleomor- 
phism is seen and some 
of the cells have clear 
perinuclear “halos”. This 
is one of several patterns 
typical of this tumor 
(H&E 250x). This tu- 
mor was 30 cm. in di- 
ameter, removed from a 
70-year-old man with 
massive hematemesis. The 
original classification in 
1949 was _ leiomyosar- 
coma, but by our present 
criteria it is a leiomyo- 
blastoma. The patient 
died 10 years later of 
unrelated disease with no 
evidence of recurrence. 


The clinical presentation of leiomyoblastomas was 
similar to other cellular myomas with respect to age, 
symptoms and radiographic findings. The size of leio- 
myoblastomas range from 1.5 to 30 cm., with a median 
size of 5 cm. Grossly these lesions resembled other large 
myomas. Histologically, there was an abundance of 
cuboidal cells, with clear cytoplasm growing in sheets, 
strands or clumps, Some foci thus resembled the pat- 
tern of anaplastic carcinoma. Some cells also bore a 
striking resemblance to ganglion cells. The marked 
vascularity seen in some areas gave the tumor an ap- 
pearance resembling angiosarcoma or a glomus tumor. 
The mitotic counts ranged from 0 to 19 mitoses per 
25 HPF, with a median of two mitoses per 25 HPF, 
counts similar to those reported by Stout* who found 
0 to 19 mitoses in 50 HPF (200X) of 69 leiomyo- 
blastomas. 

Treatment of these tumors was the same as for leio- 
myomas of similar location and size. No recurrences 
or deaths due to leiomyoblastoma were recorded. This 
experience is similar to that reported by other authors.*® 


Leiomyosarcoma 
Patients with malignant tumors had the same age and 
sex distribution as those with benign tumors. There 
were eight males and seven females. The tumors most 
frequently appeared in the sixth and seventh decades, 
but one patient with a sarcoma was age 14, the youngest 
patient in the study. 
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Fourteen of the 15 patients had symptoms. The re- 
maining patient had a 2 cm. intramural gastric lesion, 
which we interpreted as leiomyosarcoma, that was found 
incidental to esophageal resection for epidermoid car- 
cinoma. The symptoms in this instance were attributed 
to the carcinoma. In the 14 symptomatic patients, pain 
was the most frequent complaint. Several patients also 
had bleeding, weight loss, weakness or a mass (Table 
2). A radiographic lesion was demonstrated in 13 of 
the 14 symptomatic patients. 

Leiomyosarcomas were larger than the benign tumors, 
the range being 2 to 25 cm., with a median of 10 cm. 
(Table 3). Because of the larger size, intramural origin 
was less apparent and ulceration of the mucosa was more 
frequently observed (Fig. 7). Also hemorrhage and 
focal necrosis was present in many instances. Four tumors 
had grossly apparent extension to other organs or metas- 
tases at the time of diagnosis (Fig. 8). Invasion of ad- 
jacent organs such as liver or spleen and peritoneal dis- 
semination were the most common types of spread. 
Metastases beyond the abdomen were demonstrated his- 
tologically in only two instances. 

Microscopically, considerable variation was seen in 
the sarcomas. In some instances, the tumor focally re- 
sembled ordinary leiomyoma with whorling masses of 
spindly cells with fairly abundant cytoplasms. How- 
ever, in most tumors there was a cellular appearance and 
some nuclear pleomorphism with giant and bizarre 
forms was observed in all instances. In a few cases, 
bizarre cellular changes were present only in a few 
foci, emphasizing the necessity for adequate tissue 
sampling in large muscular tumors. There were 25 to 305 
mitoses per HPF with a median of 41 mitoses per 25 HPF 





Fic. 6. Gastric Leiomyosarcoma. This large intramural tumor 


protrudes into the lumen. The overlying mucosa is ulcerated 
with the crater extending deep into the lesion. A small gastro- 
scopic biopsy was interpreted as cellular leiomyoma since 
mitoses were not seen. In the resected tumor numerous mitotic 
figures were found and the correct diagnosis of leiomyosarcoma 

was established. The patient had peritoneal dissemination 2 years 
after subtotal gastric resection. 
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Fic. 7. Primary gastric leiomyosarcoma with mesenteric metas- 
tasis. The primary tumor bulges from the serosa, lower right, 
and also formed an ulcerating intraluminal mass. At left is a 
huge metastasis within the omentum. The patient was a 45- 
year-old man who developed sudden massive bleeding, a clinical 
feature of many large gastric muscular tumors. There has been 
no evidence of recurrence 2 years after partial gastric resection. 


(Fig. 8). Thus, on average at least one mitotic figure 
per HPF was found in each sarcoma. Each sarcoma also 
had at least one HPF with four mitoses and most of 
the sarcomas had several fields with six or more mitoses. 
The largest number of mitoses counted in any one HPF 
was 21, but more than ten mitoses per HPF was very 
uncommon. In contrast, the largest number of mitoses 
seen in any HPF of a benign tumor was four and the 
majority of fields in the benign tumors had no mitotic 
figures. 

The treatment of the 14 patients with leiomyosarcoma 
diagnosed preoperatively consisted of either a partial 
or total gastric resection. One of these patients died 
postoperatively in the hospital. Two were lost to fol- 
low-up and presumed dead of the disease. Eight 
patients died of sarcoma between 7 and 30 months 
after surgery with a median survival time of 16.5 months. 
One patient was alive with known recurrence 24 months 
after operation. Another patient died of heart disease 
one year after operation clinically free of tumor. Finally, 
one patient was still alive and well 2 years after opera- 
tion. The results are thus very discouraging, reflecting 
invasion or metastases already evident at the time of 
operation. 


Changes in Diagnosis 
All of the pathologic material was received without 
knowledge of the previous diagnosis or clinical follow-up; 
we then found on the basis of our histologic study, in- 
cluding evaluation of mitotic activity, that we had clas- 


sified as cellular leiomyoma or leiomyoblastoma eight 
cases previously diagnosed as leiomyosarcoma. Some of 
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these were first diagnosed as sarcoma before Stout’s* 
description of leiomyoblastoma in 1962. We also had 
classified one tumor as sarcoma which had previously 
been diagnosed as leiomyoma. None of the eight pa- 
tients with revised diagnosis of a benign tumor had died 
of disease and none had known recurrence up to 96 
months after therapy. The patient with a revised diag- 
nosis of sarcoma was the one with the tumor found 
incidentally during treatment of an ultimately fatal 
esophageal carcinoma. The only other change in diag- 
nosis was one instance of reclassification of a small 
lesion, previously called leiomyoma, as a hamartoma 
after examination of deeper cuts of the original paraffin 
blocks revealed ductal elements. Such a distinction is 
obviously of no clinical importance. 

While we recognize the possibility of overlooking evi- 
dence of malignancy in an otherwise benign appearing 
large muscular tumor, our findings point to the need of 
recognition that certain patterns of bizarre muscular 
tumors are associated with a favorable clinical course 
and that erroneous classification of cellular leiomyomas 
or leiomyoblastomas as leiomyosarcoma can easily occur 
unless careful study of mitotic activity is done. 


Discussion 


Although the majority of gastric muscular tumors are 
discovered incidental to operation for another condition 
or at autopsy, approximately 40% of the lesions we 
studied had caused symptoms which led to surgical 
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Fic. 8, Leiomyosarcoma. 
Most of the cells closely 
resemble leiomyoma, but 
numerous mitotic figures 
are apparent in this field. 
The lesion proved fatal 
(H&E 400x). 


treatment. Of the tumors causing symptoms, the benign 
lesions, including leiomyomas, leiomyoblastomas and 
hamartomas were approximately twice as numerous as 
the leiomyosarcomas. 

In many instances the correct diagnosis of these large 
gastric muscular tumors was difficult and we found no 
difference in the clinical presentation of benign and 
malignant tumors with respect to sex, age or symptoms. 
Virtually all symptomatic patients had a radiographic 
filling defect, but exact classification by X-ray studies 
was possible in less than half the cases, Exfoliative 
cytology and gastroscopic inspection were also of little 
value in making a definite diagnosis. Furthermore, 
while it is true that nearly all sarcomas were large, 
benign tumors also attained enormous size. Indeed, 
three of the five largest tumors in this study were 
benign, including the largest lesion, a 30 cm. in diameter 
leiomyoblastoma. Microscopically, palisading of nuclei, 
a cellular appearance, and pleomorphism were found in 
benign lesions as well as sarcomas. In the absence of 
gross extension or metastases, the most reliable index 
for diagnosis of leiomyosarcoma was demonstration of 
increased mitotic activity which was found, at least 
focally, in all sarcomas. An average mitotic rate of more 
than one per HPF was a consistent feature of gastric 
leiomysarcomas. A similar criterion has also been of 
value in diagnosis of smooth muscle tumors of intestine? 
and uterus.! 

A large gastric tumor must be thoroughly studied mi- 
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- croscopically, since the greater part of some sarcomas 


em 
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will have a benign appearance. Because of this, the 
limitations of frozen section diagnosis must be appreciated 
by pathologist and surgeon alike. In many instances the 
frozen section will be most useful in determining that 
a lesion is. a muscular tumor and not carcinoma or 
lymphoma, the final diagnosis a a on study of 
many paraffin sections. 


‘Summary 


Forty-six of 113 patients with primary gastric muscular 
tumors had symptoms which led to diagnosis and treat- 
ment of the lesion. Among the remaining patients the 
tumors were incidental findings at abdominal surgery 
or at autopsy. The clinical presentation and gross ap- 
pearance provided no reliable means for accurate dif- 
ferential of benign and malignant lesions. The diagnosis 
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of malignancy can be established only by thorough 
histologic study with demonstration of increased mitotic 
rate since many large, ulcerating gastric muscular tumors 
with bizarre histologic features are benign. 
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Hepatic Arterial Patency and Complications after 


Catheterization for Infusion Chemotherapy 


HE CONCEFT of the regional arterial infusion chemo- 
Tooo for hepatic malignancy is well established. 
Numerous technics have been reported in the literature 
and Watkins et al.? have defined a standardized technic 
utilized at the Lahey Clinic Foundation. No publication 
has. reported the actual fate of the infusion catheter or 
the’ hepatic artery, and this information is essential 
in eyaluating the importance of operative placement 
of such catheters. In addition, a recent report? indicated 
a -significant incidence of gastrointestinal hemorrhage 
. after intra-arterial chemotherapy of hepatic malignancies 
. and occasional arterial thrombosis and needs substantia- 
` tion. 


Material and Methods 


Eighty-one consecutive primary operative hepatic 
arterial catheterizations with a standard Teflon catheter” 
performed for malignancy before 1971 were chosen 
because criteria of patient selection were reasonably 
uniform, surgical technics had been standardized, and 
follow-up procedures were detailed. These surgical pro- 
cedures sometimes included resection of a primary 
colon cancer or dilatation or intubation of an obstructing 
bile duct carcinoma. The technics of operative compensa- 
tion for anatomic arterial variations have been described 
by Watkins and associates.® 

Preoperative selective celiac and superior mesenteric 
artery angiography was considered essential because of 
the known anatomic variations and was performed by. 
way of the femoral artery with the usual Seldinger guide 
wire technic in all but two patients. Postoperatively, 
catheter angiograms were obtained by attaching the 
Teflon catheter to a pressure injector set at 800 pounds 


per square inch, which achieved a flow of ee 2 
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cubic centimeters per second of one of the common 
angiographic dyes. This flow was sufficient in nearly all 
cases to produce radiographic opacification of the cathe- 
terized artery and a subsequent capillary phase hepato- 
gram for evaluation of catheter and hepatic arterial 
patency, catheter tip migration, and hepatic response 
in terms of size of the liver and the metastatic nodules. 

Such catheter arteriography was performed before 
the patient was discharged from hospital following surgi- 
cal catheter placement, generally about 1 week after 
operation and subsequently at 6-week to 10-week inter- 
vals for about 6 months. After this, catheter angiography 
was performed less regularly. Any drug administration 
by way of the catheter that caused pain, or any deteriora- 
tion of the clinical situation, warranted repeated angio- 
graphy. If confusion about the state of the hepatic 
arterial patency persisted after catheter angiography, 
repeated percutaneous selective celiac and superior 
mesenteric artery angiography was performed. 

Treatment with chemotherapeutic agents by way of - 
the hepatic arterial catheters was continued, except 
during episodes of hepatic toxicity, for as long as vessel 
patency could be documented. A few patients had 
continued catheter infusion of drug after hepatic ar- 
terial thrombosis was demonstrated when dye flow at 
angiography was seen to proceed by way of splenic 
artery, splenic vein, and portal vein to liyer. However, 
hepatic arterial thrombosis was acknowledged. 


Results 
Eighty-one patients with a variety of primary and 
metastatic hepatic or biliary carcinomas had hepatic 
arterial catheters placed at a surgical procedure. 
Of these patients, 79. had preoperative selective arterio- 
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graphic studies. Table 1 demonstrates the arterial anatomy 
seen, Normal anatomy implies that the common hepatic 
artery arose from the celiac artery, and no angiographi- 
cally discernible arterial supply otherwise went to the 
liver. A right replaced hepatic artery indicated that 
some or all of the arterial supply to the right lobe 
arose from the superior mesenteric artery. In two pa- 
tients, the entire hepatic arterial supply arose as a trunk 
from the superior mesenteric artery. In seven patients, a 
gastrohepatic trunk arose from the celiac axis which 
supplied, after the left gastric branching, a major or 
minor portion of the left hepatic lobe. 

Table 2 demonstrates the type of catheterization per- 
formed and the adequacy of hepatic tissue coverage 
as evidenced by hepatic fluorescence at the time of 
operation. Complete coverage of hepatic substance by 
infusion through a single catheter was accomplished in 
85% of patients. Operative compensation for anatomic 
variations was achieved in seven patients (9%). In one 
such patient, anastomosis between the gastroduodenal 
artery and the right replaced hepatic artery has remained 
patent for 3 years. In another, ligation of a minor right 
replaced hepatic artery achieved crossover fluorescence 
from the normal major right hepatic artery, and this 
was documented by catheter angiography. In five in- 
stances of left gastrohepatic vessels, coverage was 
achieved by catheterizing the celiac axis by way of 
the splenic artery. Two catheters, one in the replaced 
right hepatic artery and one in the left hepatic artery 
by way of the gastroduodenal artery, were required 
to achieve complete hepatic coverage in four patients. 
Eight patients had only partial hepatic infusion by way 
of one catheter. Involvement primarily of the right lobe 
usually dictated this approach. In two patients, sub- 
sequent progression of left hepatic metastases caused 
death while the right lobe disease remained controlled. 
Currently, all patients receive total hepatic coverage, 
even if two catheters are required. 

Postoperative catheter angiography was performed 
on 73 patients (Table 3). Three patients died post- 
operatively, and three had rapidly deteriorating clinical 
situations. One patient extracted the catheter during 


TABLE 1. Hepatic Artertal Catheter Placement 
Vascular Anatomy 
Number of 
Cases Per Cent 
“Normal” : 58 73 
Right replaced hepatic artery, 
total or partial 12 s 
Left gastrohepatic 7 9 
Common hepatic entirely from 
superior mesenteric artery 2 3 
79 100 
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TABLE 2. Hepatic Arterial Catheter Placement 


Catheter Function 


Number 
of Per 
Cases Cent 
One catheter: Complete hepatic a 
coverage 67 85 
Normal 58 l 
Left gastrohepatic artery 5 
Right replaced hepatic artery 2 
Common hepatic artery from 
superior mesenteric artery 2 
One catheter: Partial hepatic coverage 8  ° 10 
Right replaced hepatic artery 6 = 
Left gastrohepatic artery 2 
Two catheters: Complete hepatic a , 
coverage " 4 5 


Right replaçed hepatic artery 4 


postoperative psychosis, and one catheter was removed’ 
because no preoperative arteriography had been 
performed and proper catheter infusion. could not be 
obtained. 

It is obvious that the last demonstrated proof of 
patency is considerably less than actual arterial patency, 
since the interval between catheter angiography: was 
generally 6 to 10 weeks. In many patients, this’ iiterval 
was much longer after the second or third angiogtain., If 
a prolonged interval occurred and the next angiograms 
showed occlusion, the last normal angiogram was: se- - 
lected as the time of proven patency. Even with these .. 
qualifications, the median duration of proven hepatic 
arterial patency was 12 weeks. 

The actual fate of the hepatic artery after operative 


TABLE 3. Time of Hepatic Arterial Patency in Weeks 
Number 
Hepatic arterial catheters placed 8i 
No postoperative catheter angiogram 8 


Postoperative death 
Patient markedly deteriorated 
Early catheter removal 
Postoperative catheter angiograms 73 
Weeks postoperative of last demonstrated 
hepatic artery patency 


ho Ww OG 


1i to 2 12 
3to 4 2 
4 to 6 10 
8 to 10 11 
12 to 14 8 
16 to 18 7 
20 to 24 ri 
28 to 32 7 
36 to 40 5 
55 1 
64 2 
104 1 


Median patency—12 weeks 
Range, 1-104 weeks 
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TABLE 4. Fate of Hepatic Artery 


Number 


Proved arterial thromboses by angiography 18 
Within 2 weeks 4 
Later recanalized and patent i 
`. Infusion via splenic artery 2 
2 weeks to 8 weeks 8 
Infusion via splenic artery 2 
8 weeks to 26-weeks 5 
Infusion via splenic artery 1 
Time not known 1 
Proved arterial patency by angiography 
in patients presently still alive 9 
Median survival and patency 13 months 
(range, 5: to 36 months) 
Presumed arterial patency until death 
Angiograms proved patency for at least 
67% of life duration 18 
Exact status of hepatic artery unknown 28 
Living (19, 24, 30 months) catheter out 3 
Dead, angiogram proved patency for less 
than 67% of life duration 25 


73 


catheterization is shown in Table 4, Only 18 patients 
had angiographically proven arterial thrombosis, and five 
„of. these. þad regional therapy then conducted with the 
same catheter by way of the splenic artery as angiograms 
-showed hepatic infusion by this route (splenic artery 
_to splenic vein to portal vein). Some clear hepatic re- 
“sponses occurred in this way. One other patient subse- 
‘quently demonstrated recanalization and received ther- 
apy. Two patients had slowly progressive thrombosis 
of the hepatic artery demonstrated angiographically over 


TABLE 5. Patient Characteristics with Prolonged Arterial Patency 


of Per 
Patients Cent 


6 Months or more of arterial patency 18 25 


Age 
Under 50 3 
50 to 60 10 
Over 60 5 
Primary cancer 
Colon 17 
Other 1 
Anatomy 
Normal 12 
Variation 6 
Drug toxicity ` 
None 
Occasional 
Frequent 
Evidence of arterial injury 
Dye extravasation angiographically 
Catheter migration 
Pain with catheter angiogram 
Pain with drug infusion 
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a period of 4 and 6 months before complete occlusion 
and received an adequate course of therapy. 

Nine patients are still living with proven patency of 
the hepatic artery for periods from 5 to 36 months. 
Three of these patients had catheter removals at 6, 22, 
and 40 weeks because of migration or accident, and all 
three have had second catheter insertions for recrudescent 
disease. One is alive at 31 months, and two died at 26 
and 38 months. | 

Catheter patency: until death was assumed in 18 pa- ` 
tients when the last arteriogram demonstrating patency 
was more than two thirds through the time period 
from operation to death. These survival periods ranged 
from 1 to 26 months. 

Twenty-eight patients could not have the actual fate 
of the hepatic artery catheter evaluated since they died 
long after their last angiogram or are living but with- 
out a current catheter by which to perform angiography. 

‘Therefore, 45 patients have evidence of the actual 
fate of the hepatic artery for periods ranging from 1 to 
36 months. Of those patients, 18. (40%) had known 
thrombosis, and 27 (60%) were known or presumed 
to remain patent. Of the 18 known thromboses, 12 (67%) 
occurred within 8 weeks (Table 4). Of 22 patients with 
proven or presumed patency, 20 remained patent for 
more than 5 months. It can thus be seen that most 
thromboses occur within 2 months and that, if patency - 
persists for 5 months, it usually is permanent. ` 

Taking together the data of Tables 3 and 4, it can 
be seen that the median proved patency: time of 12 
weeks is conservative and may indeed be considerably 
longer. Furthermore, in the presence of thrombosis, 44% 
of patients were able to be treated regionally as de- 
scribed, and 33% had thrombosis late so that an ade- 
quate course of therapy was given. 

The characteristics of 18 patients with more than 6 
months of proven arterial patency were analyzed (Table 
5). Obviously, survival was prolonged, but no other 
distinctive features were evident when compared to 
the entire group or to those with less than 1 month of 
arterial patency. ) 

Three operative deaths occurred; all patients had 
massive hepatic enlargement, massive ascites, and 
evidence of significant portal hypertension. No opera- 
tive deaths have occurred in the past 2 years when 
evidence of significant portal hypertension or massive 
ascites has contraindicated operation. Liver size alone 
is not important. Although several patients with all 
three features have tolerated operative catheter place- 
ment in the past, currently, such patients are subjected 
to percutaneous catheter placement. 

Complications related directly to catheter angiography 
are shown in Table 6. Although 30% of patients had 
demonstration of angiographic dye extravasation during 


a 
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at least one angiogram and many patients had repeated 
evidence of dye extravasation, there seemed to be no 
clear relationship to arterial thrombosis. Hepatic arterial 
thrombosis actually developed in less than one third of 
these patients; the time and incidence were not dis- 
similar from the group as a whole. 

Ten percent of the’ patients had actual migration of 
the catheter outside the artery, usually into the biliary 


. tract. The causes and processes of this migration are 
‘obscure but are presumably related to the relative 


stiffness of the Teflon catheter and its resultant attempts 
to straighten when a curve is necessary in its course 
from the gastroduodenal artery upstream into the com- 
mon hepatic artery. Despite the clear demonstration of 
the catheter lying within the biliary system by dye 
injection and the occasional simultaneous demonstra- 
tion of both artery and bile duct, in no case was the 
intrabiliary migration a source of morbidity. No bile 
fistula, hemobilia, biliary obstruction, or hemorrhage 
was observed. All six catheters were removed promptly 
on diagnosis, and no complications resulted. Catheters 
were removed by continuous pull and slight finger pres- 
sure at the skin site after extraction to stop the occasional 
brief, slight, arterial bleeding. 

A duodenal fistula developed in one patient, pre- 
sumably on the basis of pressure erosion by the catheter 
during the terminal phase of advancing malignancy. 
This persisted despite catheter extraction and was a sig- 
nificant but not major problem in terminal patient care. 

No instance of primary catheter obstruction occurred 
while infusion continued. Thus, the small bore Teflon 
catheter with one-way valve preventing catheter tip 
blood entrance seems to be mechanically extremely 
satisfactory. 

Of 73 patients, 11 had some manifestations of acid- 


‘peptic ulceration of the upper gastrointestinal tract after 


initiation of drug therapy (Table 7). Five patients died 
as a result of massive bleeding 8, 6, 4, 3, and 2 months 
after catheter placement; all were over the age of 60. 
One patient had had an anastomotic ulcer with bleed- 
ing following pancreaticoduodenectomy before catheter 
placement and fatally bled from ulcerative esophagitis. 


TABLE 6. Catheter Complications 


Per 
Number Cent 
Extravasation of dye by angiography 24 30 
Early hepatic artery occlusion 
8-week hepatic artery occlusion 
Late hepatic artery occlusion 
Migration of catheter 8 10 


Into bile ducts 

Outside hepatic artery 

Combined duodenal and bilary fistula 
Catheter occlusion while actively infused 0 
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TABLE 7. Actd-Peptic Disease of Upper Gastrointestinal Tract 
after Infuston Chemotherapy 
Number 
of Per 
Patients Cent 
All cases with evidence of acid-peptic disease i . 45 
Nonfatal hemorrhage 8 iL. 
Multiple episodes of nonfatal hemorrhage 3 4 
Hemorrhage causing death Ge OG 
Duodenal ulcer perforation causing death cet 
Actual demonstration of duodenal ulcer by ': 
X-ray, postmortem, or surgery 6 


Another patient had had vagotomy and posterior gastro- 
enterostomy for documented duodenal ulcer disease 
10 years before hepatic arterial catheterization. 

The death from perforated ulcer occurred in a 46- 
year-old man 1 month after double catheterization for a 


TABLE 8. Patient Characteristics in Acid-Peptic Complication 
of Infusion Chemotherapy 


Number 


Age 
Under 50 
50 to 60 oS 
Over 60 es 
Primary cancer coe 
Colon Se 
Other 
Hepatoma 
Breast 
Carcinoid 
Islet cell pancreas 
Anatomy 
Normal 
Variation 
Right replaced 
Left gastrohepatic 
Drug toxicity 
None 
Occasional 
Stage of disease 
Asymptomatic 
Mild symptoms 
Moderate symptoms 
Severe symptoms 
Size of liver 
Not palpable 
Slightly enlarged 
Moderately enlarged 
Massive 
Degree of liver replacement at surgery 
Less than 25% 
25 to 50% 
50 to 75% 
Liver response to therapy 
Marked improvement 
Some improvement 
No change 
Clinical response to therapy 
No improvement 
Minor improvement 
Decreased symptoms 
Returned toward normal life 
Resumed normal life 
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25-year history of carcinoid syndrome and massive he- 
patic carcinoid metastases. 

Several nonfatal hemorrhages occurred at times com- 
pletely disassociated from episodes of infusion chemo- 
therapy and in one case long after catheter removal. 

Common characteristics of the 11 patients with acid- 
peptic. ulceration were searched for (Table 8). No 


universal correlations were noted; however, most pa-. 


tients had moderately advanced to severe symptoms 
and greatly enlarged livers, and eight of the 11 patients 
had significant improvement in their clinical situation 
and hepatic evaluation and function. It is of. interest 
that five- patients with hemorrhage over the age of 60 
died. 


Discussion 


The procedure of operative hepatic arterial catheter 
placement for the treatment of hepatic malignancy by 
regional infusion chemotherapy has produced suggestive 
improvements in hepatomas, metastases from colon can- 
cer,?? and islet cell carcinoma of the pancreas.® In these 
conditions, systemic chemotherapy has been shown to 
be:,of. little or no benefit,°-8and curative surgical re- 
section is-uncommon. 


Our results indicate that operative hepatic arterial | 


catheterization can be performed with minimal mortality 
(3.7%), and with more stringent patient selection, there 
should be negligible operative mortality. Few serious or 
“fatal complications result from the presence of the 
catheter or this method of drug administration. Al- 
though 11%° of patients had evidence of acid-peptic 
ulceration in the esophagus, stomach, or duodenum, and 
8% of all patients died from resulting hemorrhage or 
perforation, it is unknown what the incidence of these 
problems is in cancer patients with metastases generally 
or when treated with systemic chemotherapy or radia- 
tion therapy, Certainly, severe physical and psychologic 
stress, the magnitude of which is unfamiliar to the popu- 
lation as a whole,.is common. Most episodes of hemor- 
rhage were not directly related to drug administration; 
the patients who died from hemorrhage had, without ex- 
ception, received several previous courses of chemo- 
therapy without incident. Nor were episodes of hemor- 


rhage or perforation associated with episodes of chemical 


toxicity of the liver or bone marrow. 

Arterial branches to the stomach or duodenum may 
be conducting drug and causing direct mucosal toxicity 
and erosion; we have rarely encountered this. (One 
patient from another unit who inadvertently received 
drug in the left gastric artery demonstrated nausea and 
repeated vomiting without bleeding.) In the course of 
catheter placement, we routinely ligate the gastroduo- 
‘denal artery and usually the right gastric artery and 
never observe gastric or duodenal fluorescence when this 
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. material is used to check catheter position. Drug dis- 
‘tribution in the gastrointestinal tract is therefore un- 


likely. Lucas et al attribute such bleeding to drug 
effect on gastroduodenal mucosa, frequently in the 


. presence of hepatic arterial occlusion, suggesting aber- 


rent vascular flow patterns. We did not note a particular 
association with hepatic arterial thrombosis. Thus, neither 
the operative procedure, the presence of the catheter, 
nor antimetabolite chemotherapy by way of the catheter 
directly seems to cause gastrointestinal bleeding. This 
is.a manifestation of acid-peptic disease in patients who 
are stressed severely and for prolonged periods. Cer- 
tainly. the high incidence of acid-peptic disease should 
be recognized and preventive measures utilized. 

Median hepatic arterial patency of 12 weeks seems 
adequate for regression by continuous antimetabolite 
infusion chemotherapy and is considerably less than 
the presumed total patency duration. Three months of 
infusion chemotherapy is required to achieve maxi- 
mum benefit and, therefore, this median patency seems 
adequate. In only seven patients (10%) did arterial 
thrombosis prevent regional therapy for at least 8 weeks, 
and this period seems sufficient to achieve major gains in 
survival and symptom relief. Many of the short, proven 
patency intervals were, of course, related to patients 
who did not respond to chemotherapy and died early 
without as detailed a followup as responders. However, 
two of the 15 patients with 4 weeks or less of proven 
patency lived for periods of 16 and 25 months, and one 
is still living with stable disease at 19 months. 

In no patient was it believed that arterial occlusion 
caused significant clinical deterioration. Sudden onset 
of hepatic failure, hepatic necrosis, or jaundice was not 
observed except when related to chemical toxicity, 
and no cases of hepatic tissue necrosis were observed . 
at autopsy, although necrosis of tumor nodules was fre- 
quently observed. Indeed, it has been reported® but not 
confirmed that hepatic arterial ligation itself can cause 
regression of hepatic metastases. However, in no patient 
did the onset of clinical improvement coincide with arte- | 
rial thrombosis. In nearly all patients, objective regres- 
sion of disease occurred before thrombosis. 

Although 10% of the catheters migrated out of the © 
hepatic artery, only one serious complication resulted 
and this occurred preterminally. None of the catheter 
migrations into the biliary tree caused significant symp- 
toms or detectable bleeding and all occurred after a 


prolonged period of therapy. 


Summary 


Large ae of patients die each year from hepa- 


toma, bile duct carcinoma, gallbladder carcinoma, and 


liver metastases from colon cancer. A beginning has 


been made in attempts at palliation of these largely un- 
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resectable and incurable conditions by the use of regional 
arterial infusion chemotherapy. 

Results of operative placement of hepatic arterial 
catheters are presented. Nearly all anatomic situations 
can be accommodated, complications directly related 
to catheter positioning and location were not serious, 
and long-term catheter and hepatic arterial patency can 
be expected in about 90% of patients. Eleven per cent 
of patients will manifest acid-peptic disease of the upper 
gastrointestinal tract, and two thirds of these will die 
from resulting massive hemorrhage. Whether this is 
related to catheter position or drug infusion seems un- 
likely. Metastatic cancer patients are certainly severely 
stressed, both physically and psychologically, and thus 
should be monitored for a history or current evidence 
of gastric hypersecretion, duodenal or gastric ulceration, 
and development of portal hypertension and esophageal 
varices. 7 
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Treatment of Primary and Secondary Liver Cancer by 
Hepatic Artery Ligation and Infusion Chemotherapy 


JOSEPH G. FORTNER, M.D., ROBERT J. MULCARE, M.D., ARIEL SOLIS, M.D., 


HE CONCEPT of treating primary and secondary 
‘Tver cancers by an interruption of the hepatic arte- 
_ rial supply was suggested more than two decades ago.” 
The; rational for this treatment is that both primary and 
“pistastatic tumors in the liver receive their blood supplies 
almost exclusively from the hepatic arterial system, with 
‘little contribution from the portal circulation. 
k “This premise is supported by the following evidence: 
eS (Y numerous anatomical studies of both animal!.3:1617 
and human*-®7.8.20 hepatic tumors using corrosive tech- 
nics, dye injection and radiography, have verified nearly 
total arterial supply of liver cancer; (2) physiological 
blood flow studies in humans,’ using radioactive xenon, 


demonstrate 90-95% decrease in tumor blood flow after | 


hepatic artery ligation, as compared to 35% decrease in 
normal liver parenchyma; (3) in animal hepatic tumor 
systems, hepatic artery ligation produces selective necro- 
sis of tumor in the liver, with increase in survival time’®; 


(4) lastly, sporadic reports of inadvertant™ or deliber- 


ate’! hepatic artery interruption in humans with liver 


tumors indicate selective destruction of tumor without - 


damage to the liver parenchyma. 


In recent years, several clinical series have appeared 


which utilize a deliberate ligation of the hepatic artery 
for the treatment of primary and secondary tumors of 
the liver. Plengvanit,’® in 1966, reported this treatment 
in 40 patients, all with primary liver cancer. Twelve 
showed an objective and/or subjective clinical response 
of 2 months or longer. A group in Sweden, represented 
by Nilsson*® in 1966, and Almersjo et al.? in 1968, re- 
ported on a combined series of 11 patients with a variety 
of secondary liver tumors. They underwent hepatic artery 
ligation with division of falciform ligament, lesser omen- 
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tum and hepatic diaphragmatic attachments. Some 
patients also received chemotherapy postoperatively. 
Seven of the 11 patients in these two reports were felt 
to have significant clinical improvement. One patient 
died of liver failure 3 days after the procedure. In four 
cases, selective tumor necrosis was documented at au- 
topsy or re-operation. Murray-Lyon et al.,1* in 1970, 
reported on a group of 10 patients with secondary 
hepatic tumors treated by hepatic artery ligation, with 
and without cytotoxic drugs. All showed clinical improve- 


© ment defined as decrease in pain and increase in weight. 


In two of these cases, liver biopsy documented selective 
necrosis of tumor tissue after ligation. 

This paper reports our initial experience with hepatic 
artery ligation i in the treatment of primary and secondary 
liver cancers in humans. 


Case Material 


Twenty-three patients with primary and metastatic 
liver cancers underwent hepatic artery ligation (HAL). 
They ranged in age from 22 to 72, with an average age 
of 48.5 years. Twelve were men and 11 women. The 
range of tumor pathology is shown in Table 1.. These 
include six with primary hepatocellular carcinoma, nine. 
with colon or rectal carcinomas metastatic to liver, and 
seven patients with secondary liver tumors from a variety 
of other origins. Two patients with hepatocellular car- 
cinoma, A.V. and L.S., had evidence of long-standing 
cirrhosis. 

Table 1 also lists major surgical and chemotherapeutic 
treatments which the patients underwent before coming 
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TABLE 1. Primary Pathology and Previous Therapy 
+ Previous Therapy 
Primary Pathology Patient Sex Age Surgical *Chemotherapy 
Primary AL O F 57 © SFU o 
hepatocellular N.D. F 37 I-A 
carcinoma A.G. M 42 Exploratory laparotomy—3 wks. 
F.C. F 36 Exploratory laparotomy—S wks. 
AV. M 22 Exploratory laparotomy—! mo. 
LS. M 39 Exploratory laparotomy —3 wks. 
W.L. M 62 Ileocolectomyý—10 mos. SFU }o.0. 
Cytoxan | l 
, S.W. F 73 Sigmoid colectomy-—3 yrs. ae 
Secondary colon FS. F 51 Abdominal-peritoneal resection—-10 mos. SFU 0-0 “sa 
carcinoma LC. F 33 Resection splenic fluxure—7 yrs. SFU I-A 
oS Q.B.** F 41 Sigmoid resection—3 yrs. fs 
D.D. M 53 Transverse colectomy—3 yrs. SFU “.0-0 
W.J. M 42 Sigmoid resection—-11 mos. SFU I-A 
M.C. F 54 Descending colon resection—12 mos. 5FU I-A 
L.V. F 50 Sigmoid resection—11 mos. SFU O-A 
Small cell carcinoma LC. M 52 | - 
? pulmonary R.B M 65 
Leiomyosarcoma Tals F 32 Jejunal resection—-2 mos. Act-D 
(small bowel) B.Y. M 72 Excision—2 yrs. Leukeran 0-0 
Liposarcoma (back) Methotrexate i 
Pheochromocytoma F.G M 51 Resection retroperitoneal mass—8 yrs. Ge . i ae oa 
Resection recurrent tumor—1 yr. es 
Carcinoid (ovary) J.P. F 32 "e Ps 
Mesothelioma L. Dec. M 62 Cien ae 
? multicentric Act-D 4 
0-A - 
Melanoma (ocular) J.N. M 38 Exploratory laparotomy—1 mo. 


= Chemotherapeutic clinical response classified according to Karnofsky et al. 
** ?Bile duct carcinoma. 


to our insitution. In most of these patients other treat- 
ment modalities have either failed to palliate or offer 
little hope of doing so. It should be stated that a number 
of other patients were considered for hepatic artery 
ligation but that the procedure was not performed be- 
cause of end-stage carcinomatosis with marked cachexia, 
debility or marginal hepatic function. 


Clinical Protocol 


All patients being considered for exploration for hepatic 
tumors undergo a full metastatic investigation. This in- 
cludes complete radiographic and radioisotope surveys 
and biochemical profile including serum alpha-fetoglo- 
bulins, urinary catecholamines and VMA, and other 
special tests where indicated. Likewise, preoperative 
aortogram with superior mesenteric and celiac ‘axis se- 
lective angiography is routinely carried. out. This informs 
the surgeon of the exact configuration of the hepatic 
arterial supply. In addition, the patency of the intra- 
and extra-hepatic portal venous system must be proven 
before arterial ligation is undertaken. At the time of 


exploration, the surgeon has the fullest possible data 
profile of ‘the patient’s disease and need only evaluate 
the intra-abdominal and hepatic situation directly in 
order to make his choice of- procedures. 

The criteria for preoperative or intra- -operative de- 
cision to perform HAL are as follows: (1) extensive 
cancer present elsewhere in the abdomen at lapa- 
rotomy, so that partial hepatectomy or total hepatectomy 
and transplantation is not indicated; (2) when the major 
symptomatology is due to the hepatic disease, even 
though the patient is known to have tumor outside the 
liver preoperatively; (3) as the first step of a two-stage 
procedure, designed to decrease tumor bulk and destroy 
its ability to produce toxic substances, such as cate- 
cholamines, so that resection may ‘be made feasible in 
an otherwise inoperable situation. 


Operative Technic 


The patients are explored through a bilateral sub- 
costal incision in all cases. This allows maximum ex- 
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posure, should hepatic resection be undertaken. If 
HAL is performed, the artery is ligated as close to the 
liver as possible. It is not uncommon that two or more 
arteries must be ligated, either because of congenital 
anatomic variations or local operative problems due 
to extensive tumor. Although sporadic and varying color 
chaviges -i ‘in liver parenchyma and tumor were noted at 
the time of ligation, there was no consistent change in 
this regard by which the thoroughness or adequacy of 
the ligation could be judged intra-operatively. Chole- 
cystectomy: was. performed in four patients because 
local tissue changes-suggested ischemia. In the 19 other 
patients, no postoperative complication referrable to the 
gallbladder occurred. 

In the 23 patients undergoing ligation, 17 had liga- 
tions of the common hepatic and gastroduodenal, and 
10 of these also had catheters placed into the hepatic 
artery proper, via the gastroduodenal, for subsequent 
infusion of chemotherapeutic agents. In three patients 
the right and left hepatic arteries arose from separate 
origins and were ligated separately in each case. In one 
of these patients, infusion catheters were placed in both 
ligated arteries, and in another, a catheter was placed 
only in the artery feeding the lobe where the disease 
. was dominant, In the third, no catheter was utilized. 
“Another patient had three separate arteries feeding 
the liver. Each was ligated and no catheter employed. 

_ 'Two'other patients had normal arterial configurations 

‘but had ligation of the artery to only one lobe. In one 
of these cases, only the right hepatic artery was ligated 
because of the precarious preoperative condition of the 
patient, making common hepatic artery interruption un- 
usually risky. The other patient had metastatic carcinoid 
in the liver, with florid symptomatology of the carcinoid 
syndrome. In this patient, only the left hepatic artery 
was ligated, because of concern that total arterial in- 
terruption would result in the massive release of 5- 
Hydroxytryptamine and other vaso-active components 
from the tumor. In this case, a catheter was placed in 
the right hepatic artery via the gastro-duodenal for 
infusion. 

Nine patients in our series underwent only hepatic 
artery ligation, whereas 14 also had placement of a 
catheter for the infusion of chemotherapeutic drugs. 
When a constant infusion catheter? is to be utilized, 
it is placed in the distal artery after ligation. When 
feasible, this is done by ligation of the common hepatic 
and gastroduodenal arteries and the catheter passed 
into the common hepatic artery via the gastroduodenal. 
Intra-operative angiography through the catheter is 
performed to verify that the catheter is positioned so 


as to effectively infuse the tumor-bearing portions of 


“* Intracath, 16 gauge, Deseret Co. 
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the liver (Fig. 5). We chose to infuse via the artery 
rather than the portal system, because we felt that viable 
tumor cells both in the center and at the periphery of 
the ischemic tumor nodules could be reached by the 
arterial system without risking the thrombotic sequelae 
of an indwelling catheter in the portal system. 


Postoperative Chemotherapy—Technic 


A portable constant infusion pump with a 50 ce 
plastic reservior and delivering 6-10 cc per 24 hour pe- 
riod was used for infusion therapy.** Starting in the op- 
erating room, the catheters were infused with sterile 
saline until the postoperative condition of the patient 
was stabilized, at which time the chemotherapeutic 
agent was added. Chemotherapeutic agents were not 
used intra-operatively. In our series, infusion therapy 
lasted from 2% to 10 weeks, as dictated by drug toxicity, 
clinical course, or technical difficulties with the cathe- 
ters. The average duration of infusion was 54 weeks, 
although catheters often were patent up to 5 months. 

The chemotherapeutic agent administered by the cath- 
eter was chosen according to the histology of the tumor 
and preoperative response of the patient to systemic 
chemotherapy. The agents used are listed in Tables 3, 
4 and 5. FUdr was used for metastatic colonic car- 
cinoma unless a preoperative course of systemic 5FU 
had been administered. The concentrations in which 
FUdr is commercially available made it more conven- 
ient for the low flow and small reservoir characteristics 
of the pump. It was used in doses of 0.3 mg./Kg./24 hrs. 
Methotrexate, at 2.5 to 5 mg./24 hrs. total, was used in 
the colonic cancers where FUdr was not indicated, as 
well as in primary hepatomas, sarcomas and pulmonary 
carcinomas. Actinomycin-D was utilized in sarcomas and 
melanomas. 


TABLE 2. Postoperative Deaths and Complications 


Patient Pathology Procedure l Clinical Course 


Died 11 days, hepatic 
coma 

Hepato-renal syndrome, 
Methotrexate toxicity, 
died P.O. day #7 


Common hepatic artery 
ligation 

Common hepatic artery 
ligation, Methotrexate 


A.G, Hepatocellular 
carcinoma 

A.V. Hepatocellular 
carciiroma 


Lic: Colon carcinoma Common hepatic artery Re-explored 2 wks.— 
ligation colon perforation & GI 
bleeding, necrosis left lobe, 
died 10 wks. 
` J.P. Carcinoid (ovary) Left hepatic artery Died 2 wks.—~pulmonary 
ligation, bilateral embolus 
salpingo-oophorectomy 
Q.B. ? Colon carcinoma Right hepatic artery Sepsis at 5 wks., re- 


explored at 16 wks. for 
obstructed left hepatic 
duct, I & D left lobe 
abscess, alive 29 wks. 


ligation, FUdr infusion 
3% wks., T-tube 
common bile duct 


? Primary bile 
duct 








*° The Sigmomotor Co., Model ML6. 
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TABLE 3. Hepatocellular Carcinoma—Clinical Responses 


Infusion Therapy 


Patient Sex Age Drug Duration Toxicity 
A.L. F o 57 MTX —— 5wks. none 
N.D.* F 37 *OFU 10 wks. none 
F.C, F B60 saaneen none ------ 

L. S. M 33 ll. Ee none ------ 


* SFU sdin systemically 


Becatise Actinomycin-D is selectively and rapidly taken — 


up by hepatic cells, and because its cytotoxic effect is 
directly proportional to the dose of drug present in the 
tissue, it was delivered into the hepatic artery catheter 
in weekly bolus doses of 0.5 to 1.5 mg., rather than as 
a constant infusion. It is of interest that Actinomycin-D, 
given via the hepatic artery catheter, does not result in 
nausea or vomiting, as is invariably seen when the drug 
is given systemically. Another ‘idiosyncrasy of this 
route of drug administration was the appearance of 
increase in liver enzymes during therapy in two patients, 
one on Methotrexate and one on Actinomycin-D. This 
phenomenon was reversible on cessation of the drug in 
both instances. It is preseumably a chemical hepatitis. 
Marrow and gastrointestinal toxicity can be seen with 


all drugs utilized. 


Results—Clinical 


The results of HAL in five of the 23 patients treated 
could not be accurately evaluated (Table 2). Four 
patients died in the postoperative period. Only one of 
these deaths was directly attributable to the ligation 
of the artery. This occurred in a 42-vear-old man (A.G.), 
who had primary hepatocellular carcinoma with mark- 
edly deranged hepatic biochemistries preoperatively. He 
underwent ligation of the common hepatic artery and 
postoperatively showed a progressive deterioration of 
hepatic function, culminating in renal shutdown and 
death at 11 days. This was the only case in the series 
where death was clearly caused by the hepatic artery 
ligation. 

The three other deaths were not apparently resultant 
from the arterial ligation, One patient (A.V.), with a 
primary hepatoma and cirrhosis, was started on Meth- 
otrexate, at 2.5 mg./24 hrs. total dose at the time of 
operation via a catheter in the ligated common hepatic 
artery. His immediate postoperative course was marked 
by hepatic decompensation and a hepato-renal syndrome 
with ‘ising BUN. Despite stopping the Methotrexate 
after 4 days, he showed progressive signs of toxicity to 
the drug and died 7 days postoperatively in fulminant 
Methotrexate toxicity. In another patient (L.C.) with 
a metastatic colonic carcinoma, the postoperative course 
was marked by sub-hepatic absecess and upper gastro- 


Duration Response Current Status 





Objective Subjective Alive Dead 
38 wks. 38 wks. 44 wks. l 
16 wks. none 30 wks. ` 
14 wks. 14 wks. tg kS. 

none none aans wks. 


intestinal bleeding, each requiring re-operation. She died 
after 10 weeks. Throughout this lengthy period of mul- 
tiple complications, her hepatic function was satisfactory. 
The fourth postoperative death was in the patient (J.P.) 
with symptomatic carcinoid syndrome. She died 2 weeks 
after ligation from a pulmonary embolus. Although 
she had shown moderate elevations in the liver bio- 
chemistries postoperatively, they were all improving 
at the time of death. 

One patient (Q.B.) demonstrated a spectrum of path- 
ologic change and a clinical course which also makes the 
evaluation of the effectiveness of the hepatic artery 
ligation unreliable (Table 2). This patient had signs of 
biliary obstruction and a past history of colonic carti- 
noma. On exploration there was an adenocarcinoma ` 
blocking the major bile ducts at the hilum. A T-tube was 
used to decompress the common bile duct. The patho- 
logic structure was compatible with a primary biliary caz- 
cinoma or metastatic colon carcinoma. She developed: 
sepsis and required re-exploration 16 weeks postopera- 
tively to relieve a re-obstruction of the left hepatic duct 
and drain a left lobe abscess. She is alive at 29 weeks, 
Because of the obstructing nature of the liver tumor, 
and because of the complications of further obstruction 
and an abscess, it is not possible to assess the effect 
of the HAL in this case. 

Eighteen patients were fully evaluated for periods of 
four to 41 weeks (Tables 3, 4, 5). Six had only hepatic 
artery ligation, while 11 had continuous infusion of 
chemotherapeutic agents via a catheter in the ligated 
artery. One patient with hepatocellular carcinoma 


after liga- 


(N.D., Table 3} received systemic 5FU 





Fic. 1. Te 99m sulfur colloid liver scan in patient A.L. with 
hepatocellular carcinoma. Left to right: Preoperative, 1 week 
and 8 weeks postoperative. Received constant infusion of Metho- 
trexate for 5 weeks during which right lobe of markedly enlarged 
liver became non-palpable. Catheter angiogram (Fig. 5) showed 
that only right lobe was infused with drug. 
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TABLE 4. Secondary Colon Carcinoma—Clinical Response 
Infusion Therapy Duration Response Current Status 
Patient Sex Age Drug Duration _—‘Tokicity Objective Subjective Alive Dead 
W.L. M 6 MTX 214 wks. + noné noné . 18 wks. 
S.W.. F 73 FUdr 5 wks. — 21 wks. 23 wks. 25 wks. 
F.S. F 51 MTX 3 wks + none 12 wks. 23 wks. 
D:D. M 53 MTX 3 wks + = none none 5 wks. 
W.J: B M a o roll none -----~ 26 wks. 26 wks. 50 wks. 
M.C.. L.F. §4 = aneren none ------ none 8 wks. 18 wks. 
L.H. F - SO osae none -----~-- none 18 wks. 30 wks. 


tion: She-had objective decrease in liver size for 16 
weeks before “escaping” the therapeutic effect and dying 
at 30 weeks. For completeness, this case is included in 
Table 3, although the salutary effects of hepatic artery 
ligatiori cannot be distinguished from that of the con- 
ventional systemic SFU therapy. 

‘Three other patients also had ptimary hepatocellular 
carcinoma (Table 3). Two had ligation only. One (F.C.) 
had positive alpha-fetoglobulins aind ‘a febrile preopera- 
‘tive. course attributable to the tumor. Postoperatively, she 
became ‘afebrile and her serum alpha-fetoglobulins 
dectéased.. After 14 weeks, her disease again progressed, 
her:alpha-fetoglobulins again increased, and she died at 
17 weeks, The other patient (L.S.) showed no objective 
_ or subjective response to ligation, and died after 5 weeks 

-of.the. disease. He had been cachectic, with far advanced 
| disease at the time of operation. 

One hepatoma patient (A.L.) had both ligation and 
postoperative infusion with Methotrexate for 5 weeks. She 
showed remarkable regression of liver size (Fig. 1) and 
enjoyed excellent health for a petiod of 38 weeks before 
signs and symptoms of advancing disease again became 
obvious. She was started on systemic Methotrexate 
aiid is alive at 44 weeks. 


TABLE 5. 


Infusion Therapy 


Seven patients who underwent HAL for metastatic 
colon carcinoma were evaluated. They are listed in 
Table 4. Three of these patients had ligation only. All 
had relief of pain for at least 8 weeks, and one also 
hdd a marked decrease in liver size and increase in 
weight and well-being over a 26-week period, Four 
other patients also received infusion therapy after 
ligation. Two of these four showed no response. One 
was a cachectic male (W.L.) with end-stage disease 
who suceumbed to extra-hepatic disease after 18 weeks. 
He had failed the 5FU and Cytoxan therapy pre- 
Gperatively and was infused with Methotrexate. The 
other patient (D.D.) failing to show a response also 
had failed 5FU preoperatively, and has shown no re- 
sponse to Methotrexate infusion 5 weeks after ligation. 
Two patients receiving infusion obtained good subjec- 
tive relief of pain for 12 and 23 weeks, respectively. 
One of these (S.W.) also had a marked diminution in 
liver size with concomitant inctease in weight for 21 
weeks, These patients are alive at 23 and 25 weeks, re- 
spectively. 

Seven other patients with secondary liver cancers of 
varying etidlogy have been adequately evaluated and 
are listed in Table 5. These included two probable pul- 


Miscellaneous Secondary Cancers~-Clinical Responses 


Duration Response Current Status 


Patient §- Pathology. Age Sex Drug Duration Toxicity Objective Subjective Alive Dead 
LC; Small-cell 53 M MTX 3 + 8 wks. 8 wks. 10 wks. 
? pulmonary . 
R.B. Small-cell 65 M MTX 5 + none none 9 wks. 
? pulmoriary | ae 
IN. Melanoma 3 M Act-D 3 = none 5 wks. 5 wks. 
D (ocular) _ l DOA 
J.T. Leiomyosařcorha 32 F MTX 3 + 16 wks. 16 wks, 16 wks. 
l (small bowel) . Act-D 
B.Y. Liposarcoma 12 M Act-D 10 + 17 wks. 17 wks. 17 wks. 
(bäck) 
L. Dec. Mesothelioma - 62 M Act-D 1i — none — 4 wks. 4 wks. 
F.G. Pheochromocytoma 51 M ----+--none------ 29 wks. 29 wks. 29 wks. 


. (retroperitoneal) 
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monary primaries, two soft parts sarcomas, a melanoma, 
a pheochromocytoma and a mesothelioma. 

The patient with symptomatic pheochromocytoma 
(F.G.) had hepatic artery ligation only, as a first stage 
in a projected two-stage procedure. He became asymp- 
tomatic after 4 weeks and has remained so to date. 
He underwent reexploration at 15 weeks, with wedge re- 
section of seven separate lesions of the liver. It is of 
note that all the resected tumor nodules were necrotic, 
many with a rim of viable tissue (Fig. 2). The surround- 
ing liver parenchyma was normal. The patient is alive 
and well at 30 weeks. There are, however, other met- 
astatic areas of disease in the abdomen, and he retains 
elevated blood levels for catecholamines. 
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Fic. 2. Photomicrograph 
from operative Specimen 
of nodule resected 15 
weeks after hepatic ar- 
tery ligation in patient 
F.G., with pheochromo- 
cytoma secondary in the 
liver. Normal liver par- 
enchyma, upper right; 
necrotic tumor tissue 
lower center and lower 
left. Nest of some viable 
tumor cells left center 


The other six patients with secondary liver tumors of 
miscellaneous etiology all had infusion of chemothera- 
peutic agents subsequent to hepatic artery ligation. 
Two were small-cell carcinomas, presumably pulmonary 
in origin. Both had advanced hepatic tumors ‘and de- 
monstrable extra-hepatic disease preoperatively. Both 
received Methotrexate. One (R.B.) failed to show any 
objective or subjective response and died of the disease 
in 9 weeks. The other (I.C.) showed relief of right 
upper quadrant pain and diminution in liver size over 
an 8-week period before dying at 10 weeks of advanced 
generalized carcinomatosis. 

Two other patients had soft parts sarcoma. One (J.T. ) 
was a leiomyosarcoma of small bowel origin, who was 





Fic. 3. Tc 99m sulfur colloid liver scan in patient J.T. with leiomyosarcoma secondary in the liver. Left to right: preoperative, 
1 week and 12 weeks postoperative. During Methotrexate infusion liver size decreased markedly. Scan at 1 week shows little 
difference over preoperation. Scan at 12 weeks shows decreased liver size and “cold” nodules. 
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Fic. 4. Arteriograms in patient F. C. with hepatocellular carcinoma. Left: preoperative celiac arteriogram; middle and left, celiac axis 
and superior mesenteric arteriograms 1 week postoperative. Note collateralization of hepatic arteries via phrenic and retroduodenal ves- 


sels. This picture was constant in all patients studied. 


re-explored at 14 weeks with the hope that a previously 
unresectable situation had converted to a resectable 
lesion. This was not the case. Indeed, despite a marked 
subjective and objective clinical improvement on 
Methotrexate infusion (Fig. 3), there was evidence of 
progression of disease at the time of re-exploration. She 
is well at 16 weeks. A liposarcoma from the back (B.Y. ) 
showed remarkable objective and subjective response 
on Actinomycin-D which has lasted 17 weeks at this 
writing. 

The one patient with melanoma secondary to a retinal 
lesion is alive at 5 weeks and has shown clinical diminu- 
tion in pain for that period of time. He has received 
only two doses of Actinomycin-D, a week apart, at 
this writing. 

The last patient in this group (L. Dec.) had a multi- 
centric mesothelioma fully encasing and invading the 
liver. He died 4 weeks after hepatic artery ligation and 
Actinomycin-D therapy, but had experienced consider- 
able relief of his right upper quadrant pain and right 
shoulder pain. 

In summary of the clinical response, hepatic artery 
ligation was performed on 23 patients. In five, results 
could not be evaluated because of death or complica- 
tions. They are listed in Table 2. Only one died of 
liver failure directly attributed to the ligation. Three other 
patients died in the early postoperative period of un- 
related complications. One patient survived but with 
complications that make evaluation of the procedure im- 
possible. Eighteen patients survived and were fully 
evaluated for 4 to 44 weeks. Eight are alive for an 
average of 20.5 weeks to date, 10 died at an average of 
19.1 weeks post-ligation. 

Thirteen of the 18 patients (72.2%) had significant 
relief of pain, most accompanied by an improved ap- 
petite and sense of well-being. The average duration 
of subjective improvement in these 13 patients is 
16.8 weeks to date. Nine of the 18 (50%) had clear-cut 


objective signs of improvement including significant 
decrease in liver size, absence of preoperative tumor- 
associated fever, and weight gain. Thus far, the average 
duration of this objective improvement has been 20.5 
weeks, 

Four of these 18 patients (22.2%) showed no objec- 
tive or subjective response, dying of their disease at an 
average of only 9.2 weeks postoperatively. 

Twelve of the 18 patients received postoperative 
chemotherapy, 11 by constant infusion into a catheter in 
the distal ligated hepatic artery, and one systemically. 
Eight had subjective improvement for an average of 
15.3 weeks, and six had objective improvement for 19.2 
weeks to date. Three were failures. 


Results—Pathophysiological 


Extensive biochemical, radiographic and radioisotope 
studies were carried out in the postoperative period 
and compared with preoperative data in order to docu- 
ment the pathophysiologic effect of hepatic artery li- 
gation on tumor and normal liver parenchyma. 

Complete aortography and superior mesenteric and 
celiac angiography was done as soon postoperatively 
as possible in seven patients. In each of these studies, 
there was widespread collateralization of the arterial 
system via phrenic and retroduodenal vessels (Fig. 4). 
This probably occurs immediately after ligation. These 
collateral vessels have been documented in the same 
distribution and configuration in repeat studies at 6 
weeks and 3 months in two of these patients. 

Liver scans were routinely done when feasible in the 
first postoperative week and at subsequent periods when 
attempting documentation of clinical impressions. There 
was no distinct trend toward consistent postoperative 
changes in the scans. In a few cases it was possible to 
corroborate a clinically obvious decrease in liver size 
(Fig, 1, 3). One such case was a patient (A.L.) with 
hepatocellular carcinoma who underwent ligation after 
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“escaping” from 5FU systemic therapy. She received 
Methotrexate by continuous infusion via a catheter in 
the ligated common hepatic artery. On this regimen, 
the right lobe of a massively enlarged liver became non- 
palpable, while the left lobe remained unchanged. Re- 
peat injection of radiopaque dye into the catheter at 6 
weeks showed that only the right lobe was being per- 
fused (Fig. .5). Serial Tc 99m liver scans done pre- 
operatively at 1 week and 8 weeks documented this 
diminution in liver size and tumor mass (Fig. 1). She 
maintained this objective response together with weight 
gain and sense of well-being for 38 weeks before showing 
recrudescence of symptoms. She was started on systemic 
Methotrexate and is alive at 44 weeks.. 

Full biochemical profiles were followed closely in the 
postoperative period. The ranges and median values in 
19 patients for bilirubin, alkaline phosphatase and SGOT 
are shown in Figure 6. Four patients are not included 
in these figures because in each, these values diverged 
widely from the medians due to unique clinical prob- 
lems. These include the two patients (A.V. and A.G.) 
dying at 7 and 11 days with progressive deterioration 
in liver biochemistries, one patient (L.S.) with a 
chemical hepatitis from Methotrexate infusion at 10 days 
and one (Q.B.) in whom extra-hepatic obstruction was 
corrected at operation with choledochotomy. Despite 
a fairly wide range of values in the 19 patients charted 
in Figure 6, the median values indicate only a modest 
and transient rise in these biochemical parameters in the 
first few postoperative days. Marked biochemical evi- 
dence of deranged function was the exception. 

Alpha-fetoglobulins were positive in two patients, 
both with hepatocellular carcinoma. In one (A.V.), 
dying of Methotrexate toxicity at 7 days, there was 
progressive decrease in the amount of the protein from 
ligation to the time of death. The other (F.C.), showed 
decreasing serum levels of alpha-fetoglobulins for 14 
weeks post-ligation, but returned to preoperative levels 
at 14 weeks concomitant with signs of progression of 
disease. 

Other biochemical parameters showed little tendency 
toward consistant changes after ligation. Uric acid 
levels, for instance, were markedly and progressively 
elevated postoperatively only in the patient who died 
at 7 days of Methotrexate toxicity and in the patient 
dying at 11 days in hepatic failure. Both presumably had 
massive damage to both hepatic and tumor cells. No 
consistent trends were traced in serum clotting factors, 
electrolytes or protein and glucose metabolism. Like- 
wise, no consistent changes in the urinary parameters 
of creatinine, VMA, catecholamines or 5 HIAA occurred. 
This was true of the patients with pheochromocytoma 
(Table 5) and carcinoid (Table 2), despite the fact 
that they each had clinical remission of symptoms. The 
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Fic. 5, Angiograms via catheter in ligated hepatic artery in patient 
A.L. with hepatocellular carcinoma. Top: operative angiogram— 
catheter effectively infuses all portions of the liver. Bottom: 6 
weeks postoperative, in which only the vessels to the right Jobe 
are patent. 
patient with pheochromocytoma (F.G.) had extra- 
hepatic, intra-peritoneal nodules of metastases which, 
no doubt, continued to produce catecholamines, In 
the patient with carcinoid (J.P.), it was elected to ligate 
only the artery to one of two involved lobes, thus 
leaving functioning tumor intact. 

Among the most informative materials for studying 
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Fic. 6. Serum bilirubin, alkaline phosphatase and SGOT levels in 19 patients. High, low and median values for preoperative and first 14 
postoperative days are indicated, 
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thé’  pathéphystologie effects of hepatic artery ligation 
,wete .tissue specimens. In five patients, we had the op- 
portunity to study autopsy material or surgical specimens 

Obtained at explorations subsequent to. ligation. One 
patient (L. Dec.), autopsied 4 weeks after ligation, 
revealed extensive mesothelioma encasing and invading 
liver: Therefore, whether this was truly a liver tumor is 
questionable. There was focal necrosis of both paren- 
chymal cells and tumor, as well as marked intravascular 
tumor growth. It is not clear whether the necrosis was 
due to intravascular tumor or to ligation. 

In the other four cases, gross pathologic and histologic 
findings correlated well with arterial interruption. In 
three, there was clear-cut selective necrosis of tumor 
with preservation of parenchymal cells (Fig. 2). There 
was frequently a margin of viable tumor cells at the 
periphery of the nodules (Fig. 7). One patient (L.C.) 
had total necrosis of both tumor and parenchyma of the 
left hepatic lobe at re-exploration 2 weeks after ligation. 
On review of her arteriograms, there was considerable 
obstruction of the intra-hepatic portal radicals by tumor. 
With portal circulation to that area compromised, ar- 
terial ligation resulted in complete infarction. The re- 
maining liver functioned well until her death 2 months 
later of other complications, including enterocutaneous 
fistula, intra-abdominal abscess and GI bleeding. 


Discussion 


Hepatic artery ligation is a relatively safe procedure 
in the context of those patients with malignancy. 
Survival is assured if care is taken preoperatively to 
verify the patency of the portal system by angiography, 


and if ligation is performed before the disease process 
has been allowed to progress to the point of major im- 
pairment of hepatic function. Only one patient in our 
series died of hepatic failure secondary to ligation. This 
patient (A.G.) was intermittently obtunded preopera- 
tively with serum bilirubin levels greater than 8.0 mg./ 
100 ml. and serum alkaline phosphatase over 1500 
units. Of the 21 other patients without extra-hepatic 
biliary obstruction (patient Q.B. excluded), the highest 
preoperative bilirubin was 1.66 mg./100 ml. and the 
highest alkaline phosphatase was 770 units (Fi ig. 6). 
In retrospect, it is clear that this patient was not-a 
suitable candidate for the operation. In the published 
total clinical experience cited in the introduction of 
this report five deaths occurred in 58 patients. Two 
were clearly due to hepatic failure. This included one in 
Plengvanit’s series.1® The other, in Nilssons report, 
also had received a large dose of a chemotherapeutic 
agent injected into the hepatic circulation at operation. 
This seems an acceptable mortality in view of the’ 


advanced disease present in all these patients. From our 


experience, it can be said that ligation will be tolerated 
unless far-advanced hepatic decompensation has oc- 
curred, or the portal circulation is impaired. 

In the patients tolerating the procedure, however, the 
immediate post-operative response was not predictable 
by any preoperative clinical or biochemical parameters. 
There was a deterioration of hepatic function in several 
patients with reasonably good preoperative function. 
There was no pronounced morbidity in other patients 
in whom some postoperative difficulties were predicted on 
the basis of preoperative biochemical or clinical evalua- 
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Fic. 7. Photomicrograph 
of autopsy specimen in 
patient J.P. with carci- 
noid secondary in liver. 
She died 14 days after 
hepatic artery ligation 
with pulmonary embolus. 
Fatty liver parenchyma 
center and upper right; 
necrotic tumor nodule 
lower left (H & E x50). 


tion. Because of this unpredictability of the immediate 
postoperative morbidity, we now allow sufficient time 
for recovery of hepatic and renal function to be well 
established before initiating infusion of chemotherapeu- 
tic agents. This usually starts at 6 to 8 days postopera- 
tively, One patient (A.V.), with whom this rule was not 
followed, received Methotrexate starting immediately af- 
ter ligation. His early postoperative course was compli- 
cated by hepatic and renal problems, the latter con- 
tributing to a florid Methotrexate toxicity resulting in 
his demise. 

The data presented here, as in the other clinical 
series mentioned, suggest that HAL is not only safe, but 
is an effective palliative operation. Fourteen of 18 pa- 
tients (77.8%) evaluated for 1 month or longer showed 
improvement (Tables 3-5). Eight had both subjective 
and objective changes, five showed only subjective 
change, and one patient (N.D.) had only objective 
signs of decrease in liver size without relief of subjective 
symptoms. 

Only four patients failed to show any response. Each 
failure occurred in cachectic patients with far-advanced 
hepatic and extra-hepatic disease. All continued to dete- 
riorate, and three have died at an average of only 
10.6 weeks. It should be stressed that several patients 
with similar preoperative clinical pictures and laboratory 
profiles have received marked benefit from the proce- 
dure. Even in retrospect, there are no distinctive param- 
eters by which one can predict which patient will be 
benefited by the procedure. However, the evidence 


CANCER OF THE LIVER 





suggests that palliation is better in duration and quality 
in the patient who undergoes ligation in reasonably 
good clinical condition and before major deterioration 
has occurred. 

The composite of data obtained in our patients from 
the clinical courses, special studies and biopsy and autopsy 
material suggests the pathophysiologic effect of this 
operation. It seems likely that arterial interruption re- 
sults in selective ischemia of the tumor cells. The via- 
bility of normal parenchymal cells is maintained by the 
portal circulation. This selective ischemia slows tumor 
growth rate and reduces the bulk of viable tumor through 
at least partial necrosis. The ischemia is transient, with 
surviving cells soon regaining full growth potential. 
The duration and effect of ischemia is probably de- 
pendent on the rate and efficiency with which effective 
arterial collateral circulation is established. Although 
postoperative angiography suggests immediate collater- 
alization, this is probably not fully established for a pe- 
riod of days or perhaps weeks. Conolly et al.* have shown 
that dogs will survive afferent portal diversion 1 month 
after hepatic artery ligation, but not at 10 days after 
ligation. Croak et al.’ studied eight dogs surviving end- 
to-side portacaval shunt 1 month after hepatic artery 
ligation. They noted radiographic and anatomic evidence 
of marked collateralization of the arterial system. These 
experimental data tend to corroborate our clinical im- 
pression of a transient period of arterial ischemia with 
subsequent re-establishment of full arterial supply and 
recrudescence of tumor growth. 
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In the series of patients presented here, attention has 
been directed toward potentiating the anti-tumor effect 
of the post-ligation ischemic period, For this purpose, 
infusion of chemother rapeutic agents into the ligated 
artery was carried out in 11 patients. and systemic 
chemotherapy i in one, Statistical analysis is not applicable 
as yet because the numbers of patients involved and the 
period of effective palliation not vet completed in some, 
are small. But there is reason to be optimistic that com- 
bined ligation and infusion might prove more effective 
than ligation alone, at least in certain disease entities 
such as primary hepatoma and secondary sarcomas. 

The results presented here were obtained in patients 
for whom conventional therapeutic modalities had 
failed, or offered little hope of palliation. The overall 
percentage of salutary response is 78%, with 50% ob- 
taining remarkable remission of disease and symptom- 
atology for significant periods of time. This study en- 
courages the development and expansion of this form 
of treating primary and secondary liver tumors. 


Summary 


.- 1. Twenty-three patients underwent hepatic artery 
ligation for symptomatic primary and secondary liver 
cancers. The indications, operation technic and clinical 
-results are presented. 

<2. Thirteen of the patients also had postoperative 
chemotherapy to the liver via constant infusion into a 
catheter placed in the ligated artery at operation. The 
choice of drugs, technic and idiosyncracies of this route 
of drug administration are discussed. 

3. One patient died of hepatic failure secondary to 
the ligation. Three other deaths were due to complica- 
tions unrelated to arterial interruption. One patient's 
course was complicated by extra-hepatic biliary ob- 
struction and could not be evaluated. 

4. Eighteen patients were adequately evaluated for 
at least 7 month postoperatively. Seventy-eight per cent 
showed subjective relief of symptoms, and 50% had 

objective evidence of remission of hepatic disease. Only 
four (22%) patients failed to improve after operation. 

5. Special pre- and postoperative studies were done 
and correlated with clinical data. The composite data 
suggest a pathophysiologic sequence of events result- 
ing from ligation. These phenomena are discussed with 
reference to Fike technics presented here. 
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Before treatment, necrotic matter coated the After six days of TRAVASE therapy, debridement 
inner surfaces of this decubitus ulcer. is nearly complete and granulation evident. 


junctive Therapy—Observe Its Effects in 48 hours BP ye Peak ok Ake AE We REE N SA Ee MAE TEA 

en the recommended nursing technique is 
followed without deviation, this procedure can 
generate visible improvement within 48 hours of 
treatment. If no dissolution of slough occurs by then, 
further application is unlikely to be rewarding 
(recheck for break in procedure, usually due to use 
of cleansing or antiseptic agents which impair the 
effectiveness of the enzyme in TRAVASE). 
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’Travase® Ointment brand of Sutilains 


APPLICATION TECHNIQUE: TRAVASE Ointment is indicated as an adjunct 
to established methods of wound care for biochemical debridement. It 
dissolves and facilitates the removal of necrotic tissues and purulent 
exudates. 

TRAVASE enzymes are selective. Virtually inactive on viable tissue. 


When this recommended nursing technique is followed without deviation, 
this procedure can generate visible improvement within 48 hours .. . 





(Ulcer being irrigated) «©. Thoroughly soak the wound With a sterile cotton swab or 


Thoroughly cleanse and . ` area. Where practical, tubbing finger cot, apply a very thin 
irrigate the wound aréa Using or showering is suitable. Or layer of TRAVASE Ointment. 
only sterile water or sodium .. wet soaks with gauze pads The ointment spreads easily 
chloride solution. Be sure to may be used. Remember to and only a small amount is 
cleanse the wound of any avoid chemical cleansing needed (a small dab of 
antiseptics or heavy-metal agents which may interfere ointment will cover an area 
antibacterial agents which with the therapy. as big as the back of a hand). 


may interfere with the 

i Be sure, though, to rub the 
said activity. ointment well into every crack 
Sh or crevice of the wound and 
AG overlap the surrounding skin 
yd P l one-fourth to one-half inch 

A Sa beyond the area to be 
Ree yee debrided—to be sure of 

Ran Str ciate eee complete coverage. 


Apply loose, wet dressings, Cover the moist dressings When changing dressing, 
thoroughly soaked in sodium with an occlusive wrap gently wipe away the 
chloride solution or sterile (Saran wrap, Telfa Pads, or dissolved material. Repeat the 
water to the area to be other plastic wrappings) to complete dressing procedure, 
debrided only. keep wound site moist. Do not including application of 
extend occlusive wrap over TRAVASE Ointment, four 
Y inch beyond area to times daily. 
be debrided. 


The ulcer shown in these photos is simulated on a model in order to demonstrate 
the correct TRAVASE application technique. 
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preparation of proteolytic enzymes, elaborated by Bacillus subtilisin a 
hydrophobic ointment base consisting of 95% white petrolatum anfi 5% 


DESCRIPTION: TRAVASE® (brand of sutilains) Ointment is a i 
casein 


polyethylene. One gram of ointment contains approximately 82, 
units* of proteolytic activity. 


ACTION: TRAVASE Ointment selectively digests necrotic soft tissues by 
proteolytic action. It dissolves and facilitates the removal of necrotic 
tissues and purulent exudates that otherwise impair formation of 
granulation tissue and delay wound healing (4). 


At body temperatures these proteolytic enzymes have optimal activity me 
the pH range from 6.0 to 6.8. 


INDICATIONS: For wound debridement (1,2)—TRAVASE Ointment is 
indicated as an adjunct to established methods of wound care for 
biochemical debridement of the following lesions: 


Second and third degree burns, 

Decubitus ulcers, 

Incisional, traumatic, and pyogenic wounds, 
Ulcers secondary to peripheral vascular disease. 


CONTRAINDICATIONS: Application of TRAVASE (brand of sutilains) 
Ointment is contraindicated in the following conditions: 


Wounds communicating with major body cavities, 
Wounds containing exposed major nerves or nervous tissue, 
Fungating neoplastic ulcers, 


Wounds in women of child-bearing potential—because of lack of 
laboratory evidence of effects of TRAVASE upon the developing fetu: 


WARNING: Do not permit TRAVASE Ointment to come into contact with 

the eyes. In treatment of burns or lesions about the head or neck, shoulc 
the ointment inadvertently come into contact with the eyes, the eyes sho! 
be immediately rinsed with copious amounts of water, preferably stera 


PRECAUTIONS: A moist environment is essential to optimal activity of th 
enzyme. Enzyme activity may also be impaired by certain agents. In vitre 
several detergents and antiseptics (benzalkonium chloride, 
hexachlorophene, iodine, and nitrofurazone) may render the substrate 
indifferent to the action of the enzyme (3). Compounds such as thimerosé 
containing metallic ions interfere directly with enzyme activity to a 

slight degree, whereas neomycin, sulfamylon-streptomycin, and penicillir 
do not affect enzyme activity. In cases where adjunctive topical therapy 
has been used and no dissolution of slough occurs after treatment with 
TRAVASE Ointment for 24 to 48 hours, further application, because of 
interference by the adjunctive agents, is unlikely to be rewarding. 


In cases where there is existent or threatening invasive infection, 
appropriate systemic antibiotic therapy should be instituted concurrently 


Although there have been no reports of systemic allergic reaction in 
humans, studies have shown that there may be an antibody response in 
humans to absorbed enzyme material. 


ADVERSE REACTIONS: Adverse reactions consist of mild, transient pain 
paresthesias, bleeding and transient dermatitis. Pain usually can be 
controlled by administration of mild analgesics. Side effects severe 
enough to warrant discontinuation of therapy occasionally have occurred 


If bleeding or dermatitis occurs as a result of the application of TRAVAS 
(brand of sutilains) Ointment, therapy should be discontinued. No systen 
toxicity has been observed as a result of the topical application of 
TRAVASE Ointment. 


Dosage and Administration 


STRICT ADHERENCE TO THE FOLLOWING !S REQUIRED FOR EFFECT 
RESULTS OF TREATMENT 


1. Thoroughly Cleanse and Irrigate Wound Area with sodium chlor 
or water solutions. Wound MUST be cleansed of antiseptics or 
heavy-metal antibacterials which may denature enzyme or alter 
substrate characteristics (e.g., Hexachlorophene, Silver Nitrate, 
Benzalkonium Chloride, Nitrofurazone, etc.). 


2. Thoroughly moisten wound area either through tubbing, showet 
or wet soaks (e.g., sodium chloride or water solutions). 


3. Apply TRAVASE Ointment in a thin layer assuring intimate cont 
with necrotic tissue and complete wound coverage extending to 
Y4 to V2 inch beyond the area to be debrided. 


4. Apply loose wet dressings. 


5. Repeat entire procedure 3 to 4 times per day for best results. 


How Supplied 


3P3002 TRAVASE Ointment is supplied sterile in one-half ounce tube! 
(14.2 g.) containing 82,000 casein units of sutilains per gram | 
hydrophobic ointment base. 


The ointment must be stored under refrigeration at 2° to 10° C 
(35° to 50° F). 
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*A casein unit is the amount of enzyme required to produce the same 
optical density at 275 my as that of a solution of 1.5 mcg. tyrosine/ml 
after the enzyme has been incubated with 35 mg. of casein at 37° C.1 
one minute. 
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Mediastinal Hyperfunctioning Parathyroid Tumors: 


Review of 14 Cases 


DONALD A. SCHOLZ, M.D., DON C. PURNELL, M.D., LEWIS B. WOOLNER, M.D., 


URING THE 43-year period from 1928 through 1970, 

approximately 1,000 patients with primary hyper- 
parathyroidism were surgically treated at the Mayo 
Clinic. Not infrequently, hyperfunctioning parathyroid 
tissue was located in the superior mediastinum, often 
within the upper pole of the thymus gland, and was re- 
moved in the course of cervical exploration. Actual 
sternal splitting to expose the mediastinal structures was 
carried out much less frequently. In 14 cases, after one 
or more cervical explorations, the diagnosis of mediastinal 
hyperfunctioning parathyroid tumor was made after a 
sternal-splitting incision or at autopsy. The significant 
clinical, laboratory, and surgical findings in these 14 
cases form the basis of this review. 


Clinical Findings 


The pertinent data on these 14 patients are sum- 
marized in the Table. The eight men and six women 
ranged in age from 27 to 57 years. The preoperative 
serum calcium values varied from 11.2 to 14.9 mg./100 
ml, (normal, 8.9 to 10.1 mg./100 ml.). Renal calculi 
were present in 10 patients, roentgenographic bone 
disease of hyperparathyroidism was present in three 
patients, and no demonstrable osseous or renal compli- 
cations were noted in four patients. 


Surgical Procedures 


The initial cervical exploration was carried out at 
the Mayo Clinic in nine of the 14 patients and elsewhere 
in five. Persistent hypercalcemia after the first cervical 
procedure resulted in a second cervical operation in five 
patients. In one patient (Case 9), the second cervical 
operation was performed as a third operation, that is, 
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after removal of a large parathyroid tumor from the 
mediastinum. 

Mediastinal surgery via a sternal-splitting ce 
was carried out at the Mayo Clinic in 11 patients, and 
elsewhere in 1 patient®; in the remaining two patients 
the mediastinal tumor was found at autopsy. The number 
of cervical parathyroid glands actually identified in 
previous cervical operations varied from 0 to 4. It is 
noteworthy that four glands were identified in the neck 
in five patients. Four patients had three glands identi- 
fied, three patients had two, one patient had one, and 
in one other patient no gland was identified. 


Pathologic Findings 


A mediastinal tumor-like nodule, commonly called 
an “adenoma,” was found in 14 patients. In five patients, 
an abnormality of one or more parathyroid glands was 
found on cervical exploration, We have not attempted 
to characterize these multiple gland enlargements as 

“chief cell hyperplasia,” “mixed hyperplasia and ade- 
noma, or “adenomatous chief cell hyperplasia”? In 
our opinion the present level of knowledge does not 
permit such an exact classification. Except for the carci- 
noma in Case 9, the mediastinal mass is referred to as a 
“tumor” (Table 1), whether or not one or more enlarged, 
apparently hyperplastic parathyroid glands also were re- 
moved from the cervical region. 

The weight of tumor tissue removed from the medias- 
tinum was recorded in 11 cases and varied from 500 mg. 
to 35 Gm. (average, 6 Gm.). The three tumors without 
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Mediastinal Hyperfunctioning Parathyroid Tumors (14 Cases) 


Findings on cervical explorations 
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14 


30 


83 


Creatinine 
0.75 


Creatinine 
G.9 


0.85 


diagnosis ew (Nov. 1941). Re- 
explored at M.C. (July 1942): 
no parathyroid tissue 


Two normal inferior glands 
(April 1946) 


R. inferior-—hyperplasia-—180 mg.; 
other three glands normal on 
biopsy (Nov. 1949). Reexplored 
(June 1951): R. superior gland— 
hyperplasia-—70 mg.; L. superior 
& inferior—normal 


Exploration ew (March 1955): 
negative. Re-explored at M.C. 
(Apr. 1955): no parathyroid tissue 


All four glands normal (Jan. 1959) 


Exploration ew (Oct. 1959): three 
normal glands, L. inferior not 
found. Re-explored at M.C. 
(Tune 1960): no abnormalities 


L. superior & inferior glands 
normal: R. thyroid lobectomy; 
parathyroid within thyroid— 
20 me. (July 1959) 


Exploration ew (Oct. 1960): four 
normal glands; 1 excised 


L. superior gland—hyperplasia—— 


950 me.; R. superior & inferior 
grossly normal; L. inferior not 
seen (July 1961). Re-explored 
(July 1963): R. inferior— 
hyperplasia, 120 mg.; R. 
superior—hyperplasia 


Three normal glands seen (Oct. 
1963) 


L. superior gland—hyperplasia, 
160 me.; three other glands 
grossly normal (Sept. 1966) 


R. superior gland; L. superior— 
excised, normal: L. inferior 
glands not seen (May 1967} 


Exploration ew (Dec. 1969): Four 
normal glands biopsied 


Chief cell “adenoma” of R. anterior 
mediastinum removed via neck 
incisions R. & L. superior— 
grossly normal; L. inferior not 


found (July 1970) 


* Defined as bone cysts, subperiosteal resorption of phalanges, or granular demineralization of skull. 


+ Postoperative values after second neck exploration. 


+ Serum iPTH by radioimmunoassay—-390 ul eq/ml. (normal, 45 ul eq/ml.). 
§ Serum IPTH 195 yl eq/ml. 





Chief cell tumor-—-5 Gm. 
(Oct. 1942) 


Chief cell tumor-—1.7 Gm. 
(May 1946) 


Autopsy (Jan. 1952): 
chief cell tumor (3 X 2 
xX 2 cm.) 


Chief cel! tumor within 
pericardium-—780 mg, 
(May 1955) 


Chief & oxyphil tumor-— 
520 mg. (Nov. 1959) 


Chief cell tumor within 
thymus—-500 mg. (June 
1960) 


Chief cell tumor removed 
ew (0.6 X 0.8 X 0.6 
em) (Dec. 1960) 


Autopsy: parathyroid 
carcinoma--35 Gm. 


(Oct. 1960) 


Parathyroid tumor-——2.3 
Gm. (Nov. 1961) 


Cystic chief cell tumor— 
3 Gm. (Jan. 1964) 


Chief cel] tumor—15 Gm. 
(March 1967) 


Chief cell tumor within 
thymus—2.1 Gm. 
(March 1968) 


Chief cell tumor within 
thymus (2.5 X 1.5 X 1.0 
cm) (Nov. 1970) 


Chief cell tumor within 
thymus—920 me. 
(Jan. 1971) 
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recorded weights measured 0.8 to 3.0 cm. in diameter. 
Microscopically, all cell types were represented from 
predominantly chief cells to predominantly oxyphil 
cells, with frequent mixtures of cell populations. A rim 
of normal parathyroid tissue was rarely noted. The tumor 
was situated within the thymus gland or showed thymic 
tissue immediately adjacent in the majority of cases. 
One tumor was considered to be a carcinoma based on 
size of the cells, presence of mitosis within the tumor, 
and definite microscopic evidence of invasion of sur- 
rounding tissue. 

The combination of a tumor in the mediastinum and 
abnormalities in one or more parathyroid glands in the 
neck was observed in five patients (Cases 1, 3, 9, 11, 
and 14). The pathologic findings in these patients are 
summarized in the following paragraphs. 


In two patients (Cases 1 and 14) removal of a mediastinal tu- 
mor was preceded by the removal of a so-called adenoma from 
the neck at a prior operation. In Case 1 the tissue was not available 
for review; in Case 14 the cervical adenoma consisted of a tumor- 
like nodule approximately 1 cm. in diameter composed of chief 
and oxyphil cells with no rim of normal parathyroid tissue and 
showing little persisting fat within its substance, 

In one patient (Case 3) an enlarged hyperplastic gland weigh- 
ing 180 mg was removed at the initial cervical operation in No- 
vember 1949 (Fig. 1A), Nineteen months later the remaining 
three glands were removed. These weighed 70, 30, and 20 mg., 
respectively, and at least two showed microscopic hyperplasia. 
Hypercalcemia persisted and mediastinal operation was advised 
but the patient refused further surgical treatment. At autopsy, 
performed elsewhere, a mediastinal parathyroid tumor measuring 
3 by 2 by 2 cm. was demonstrated within the thymus gland (Fig. 
1B and C). 

In another patient (Case 9) one greatly enlarged gland (950 
mg.) was excised on initial cervical exploration. Microscopic find- 
ings were those of hyperplasia. Two other parathyroid glands were 
considered to be of normal size and were not biopsied. One gland 
was not found. Four months later, the mediastinum was explored 
and a tumor weighing 2.3 Gm. was found within the thymus 
gland. The lesion was well circumscribed but contained some 
cells undergoing mitosis. Subsequent cervical exploration was 
carried out because of persistent hypercalcemia and two hyper- 
plastic appearing glands were removed, the larger of which 
weighed 120 mg. Hypocalcemia, which required treatment with 
vitamin D and an oral supplement of calcium, then developed. 

Initial cervical exploration in the fifth patient (Case 11) revealed 
a single enlarged gland (160 mg.), which was resected. Micro- 
scopically, definite parathyroid hyperplasia was noted (Fig. 2A). 
The other three glands were identified grossly and appeared nor- 
mal. Six months later a 15-Gm. encapsulated tumor was removed 
from the mediastinum (Fig. 2B and C). 

The patient with parathyroid carcinoma died suddenly and 
unexpectedly shortly after transfer to a Rochester hospital. Five 
days earlier a cervical exploration had been performed by his 
home physician. Four grossly normal appearing parathyroid 
glands were identified and one normal gland was excised. The 
patient's preoperative serum calcium values were in the range of 
18 mg./100 ml. Because of persistent hypercalcemia he was trans- 
ferred to the Mayo Clinic for further studies but unfortunately he 
died suddenly before any blood tests or roentgenograms were 
obtained. At autopsy, a tumor weighing 35 Gm. was found in the 


mediastinum. Microscopically, the tumor was composed largely of 
e 
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Fıc. 1 (Case 3). A, Histologic section of large hyperplastic 
parathyroid gland (180 mg.) removed at cervical exploration. 
(H & E x40.) B, Low-power section through mediastinal parathy- 
roid tumor (3 cm. in diameter) found at autopsy in the same case. 
HAE 34.) C Margin of tumor with rim of thymic tissue. 
(H&E x40.) 
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Fig. 2 (Case 11). A, Histologic section of hyperplastic parathy- 


roid gland (weight, 160 mg.) removed at cervical exploration. 
Note diminution of stromal fat. (H & E X40.) B, External and cut 
surfaces of 15-Gm. encapsulated parathyroid tumor removed from 
mediastinum 6 months after initial operation. C, Histologic sec- 
tion through margin of tumor showing numerous oxyphil cells. 
(H&E x40.) 
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chief cells with considerable mitotic activity and invasion beyond 
the capsule. The pathologic diagnosis was parathyroid carcinoma. 


Discussion 


The variability that may exist in the number and 
anatomic positions of the parathyroid glands poses a 
challenge to the surgeon endeavoring to identify and 
excise hyperfunctioning parathyroid tumors. Gilmour’ 
was able to identify four glands in 87% of 428 autopsies, 
five glands in 6%, and three glands in 6.1%. In a review 
encompassing 281 excised parathyroid adenomas, Nor- 
ris! assigned cervical aberrant positions to 30 (10.7%), 
with 19 (6.8%) being located in the mediastinum. 

In 1952, Castleman? stated that almost 20% of func- 
tioning adenomas excised at the Massachusetts General 
Hospital were located in the mediastinum. More recently, 
Nathaniels et al.!* reviewed the cumulative experience 
at the same institution and reported a mediastinal 
parathyroid tumor in 84 (21%) of 400 patients with hyper- 
parathyroidism. Pachter and Lattes!” reported 98 para- 
thyroid adenomas including two parathyroid adeno- 
mas occupying a mediastinal position. Hellström and 
Ivemark,® in a review of 138 cases of primary hyper- 
parathyroidism, reported excision of five adenomas and 
two hyperplastic parathyroid glands from the medias- 
tinum with autopsy findings of a mediastinal adenoma 
in one case in which a prior negative mediastinal ex- 
ploration was reported. Mathisen and associates! docu- 
mented four adenomas in the mediastinum in 59 proved 
cases of primary hyperparathyroidism. 

The large number of mediastinal parathyroid tumors 
reported by Castleman? and Nathaniels et al.1? may be 
explained by the fact that they included all tumors that 
could be removed by blunt dissection from the anterior 
or posterior mediastinal compartments through a cervical 
incision, as well as a sternal-splitting procedure, while 
others only reported the tumors to be mediastinal 
in location when sternal splitting was necessary to per- 
form adequate exploration, In the series of Nathaniels 
et al.,!* 19 tumors were removed by mediastinotomy. 

The thymus and inferior parathyroid glands nor- 
mally arise from the third branchial pouch. Their migra- 
tion together into the anterior mediastinum is the cited 
embryologic explanation for the frequent finding of a 
parathyroid tumor attached to or embedded in the 
thymus gland. Cope* and Walton’® have theorized that 
as a cervical parathyroid is replaced by tumor, its weight 
and the act of deglutition accelerate a downward migra- 
tion, abetted by the negative intrathoracic pressure. 
Most mediastinal tumors are located in the anterior 
mediastinum, with 35% occurring in the posterior medias- 
tinal compartment. Most posterior mediastinal tumors 
have been found in a superior position.’® 

Black and Utley? and Hoehn and associates? have 
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stressed that the pathologie distinction between pri- 
mary adenomatous chief cell hyperplasia and adenoma 

may be difficult. The spectrum of the gross and micro- 
scopic morphology of the parathyroid glands in such 
cases may be strikingly diverse. If all 7 glands are 
obviously hyperplastic (often to varying degrees), sur- 
gical removal of three glands and subtotal resection of 
the fourth gland usually restores the patient to a nor- 
mocalcemic state, providing the remnant remains viable. 
Not infrequently, however, as in cur cases, only one 
or two of the glands are cnlr ged at the time of initial 

exploration. The remaining glands appear grossly normal 

to the surgeon. When biopsy specimens from these 
“normal” appearing glands are examined under ordinary 
light microscopy, they often have been considered 
normal. Under these circumstances, it is not uncommon 
for hypercalcemia to persist, despite excision of the 
obviously hyperplastic tissue. However, even if the 
patient becomes normocalcemic after the initial opera- 
tion, periodic reassessment is mandatory since hyper- 
calcemia may recur. At a subsequent operation the re- 
maining parathyroid tissue that initially appeared normal 
often shows evidence of hyperplastic changes as demon- 
strated in Case 3. 

Preoperative studies to localize hyperfunctioning 
glands in the mediastinum, using selenomethionine 
(7Se) as the radioisotope for scintiscanning"™ or selective 
arteriography,® were not performed in any of these pa- 
tients. Selective cases in which isotope scanning has 
proved helpful in locating the site of the adenoma have 
been documented but, in general, the value of this 
technic has not been substantiated." If a more specific 
agent for parathyroid gland tagging becomes available, 
this technic may be of more precise diagnostic help in 
tumor localization. 

Beginning in April 1969, an immunoassay for serum 
immunoreactive parathyroid hormone (iPTH) became 
available for use in clinical study of patients with dis- 
orders of calcium metabolism.' Serum parathyroid hor- 
mone levels were available for the preoperative and 
postoperative assessment of our last two patients. The 
antiserum used in this assay often makes it possible 
to distinguish between iPTH present in the serum of 
patients with primary hyperparathyroidism and that of 
patients with hypercalcemia secondary to nonpara- 
thyroid malignancy." 

The finding of four normal parathyroid glands in the 
neck of one patient (Case 13) led to a suspicion of 
unrecognized malignancy. Extensive studies to exclude 
this possibility were conducted by the home physician 
with negative results. Significant elevation of the iPTH 
level was strong support for our recommendation for 
mediastinal exploration. In case 14 the persistence of 
hypercalcemia and a concomitant high level of serum 
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iPTH after the removal of one cervical chief cell tumor, 
plus the identification of two normal cervical parathyroid 
glands, reinforced the probability that another functioning 
tumor was located in the mediastinum. 

Efforts at localization of parathyroid tumors by ee 
tive venous catheterization with sampling of iPTH a 
various cervical and intrathoracic sites have been a 
scribed by Reitz et al.4® and O'Riordan et al.™* Localiza- 
tion of tumors by this technic in a patient who has pre- 
viously undergone a negative cervical exploration for 
hyperparathyroidism would be of great benefit to the 
surgeon. 


Summary 


The pertinent laboratory, roentgenographic, and 
surgical findings in 14 patients (eight men and six 
women) with mediastinal hyperfunctioning parathyroid 
tumors showed renal calculi in ten patients and roent- 
genographic evidence of bone disease of hyperpara- 
thyroidism in three; no osseous or renal complications 
were demonstrated in four patients. Twelve tumors 
were surgically excised through a sternal-splitting “i ‘in- 
cision, Tu tumors were ultimately found at autopsy 
but mediastinal exploration had not been performed 
in either patient. The combination of a tumor in the 
mediastinum and abnormalities in one or more para- 
thyroid glands in the neck was observed in five patients. 

A noteworthy finding is the fact that five of these 14 
patients had five identified parathyroid glands, with four 
of the glands located in the cervical region. 

Localization of hyperfunctioning parathyroid tissue 
by selective venous catheterization with sampling of 
iPTH at various cervical and intrathoracic levels would 
greatly assist the surgeon, especially in those patients 
who have had a negative cervical exploration or in 
whom a recurrence develops subsequently. 


Addendum 


Since this manuscript was submitted, hyperfunctioning medi- 
astinal parathyroid tumors have been excised from three additional 
female patients. A 1.3 cm, calcified, cystic chief cell tumor was re- 
moved from one patient in whom four normal cervical parathyroid 
glands were identified. Three grossly normal cervical parathyroid 
glands were identified in the other two patients; a 6,000 mg. chief 

cell parathyroid tumor was removed from one and a 370 mg. chief 
cell parathyroid tumor was removed from the other. All three 
tumors were attached to thymic tissue. 
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Patho-Physiological Changes Following 


Ischemia of the Spleen 


M. J. TSAPOGAS*, M.D., R. A. PEABODY, Ph.D., A. M. KARMODY, M.B., Ch.M., 
F.R.C.S.E., F.R.C.S.Ed., C. CHUNTRASAKUL, M.D., H. GOUSSOUS, M.D., 


HE SPLEEN has long been regarded as an organ of 
mystery and because in most patients splenectomy 

produces few apparent ill-effects, this organ has attracted 
little attention apart from the consequences of surgical 
trauma. Although splenectomy may produce little recog- 
nizable clinical effect, there is no doubt that patients 
should not be needlessly or routinely deprived of the 
functions of the spleen. Rare though well recognized 
thromboembolic complications, e.g. portal vein throm- 
bosis, may occur after splenectomy and an increased in- 
cidence of infection has also been reported.65 

When the splenic artery is used for visceral revasculari- 
zation®” splenectomy is generally carried out. The first 
aim of this experimental study was to determine whether 
splenectomy becomes inevitable after interruption of the 
splenic artery, which is not at present clearly known. 

When splenectomy is difficult because the organ is 
large or there are perisplenic adhesions, as this is the 
case in some hematologic disorders, deprivation of the 
main arterial supply to the spleen may be a satisfactory 
alternative. This was the second aim of the present 
study. Finally in an attempt to further define the role and 
functions of the spleen, the study was designed to pro- 
vide information on the pathophysiology of the partially 
or totally ischemic organ. 


Methods 
Splenic Artery Ligation 


Two series of experiments were conducted. In the first 
series, 10 dogs underwent resection of a 2 cm. segment 
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of the main splenic artery (Fig. 1), These experiments 
were so arranged that each dog served as its own con- 
trol. Each animal was studied preoperatively, after the 
splenic artery was resected and again after splenec- 
tomy. Thus we reduced the number of biological varia- 
tions that may occur among different groups of animals 
in which either splenectomy or splenic artery resection 
was performed. Routine hematologic studies were con- 
ducted on these animals, at weekly intervals for 8 weeks 
and on the fourth week the organs were surgically in- 
spected and biopsies taken from areas which appeared 
abnormal and also from representative normal ones. 
Hematologic studies included estimation of hemoglo- 
bin, hematocrit, red cell count, white cell count and dif- 
ferential, platelet counts and measurement of Factors 
VHI and IX. The results were compared with those 
obtained from six animals which were submitted to 
immediate splenectomy. 


Splenic Dearterialization 


In the second series of experiments, the ability of the 
spleen to withstand total dearterialization was examined. 
In this series, complete dearterialization was achieved 
in six animals by ligation and division of the main 
splenic artery, the short gastric and all other arteries, 
The spleen was left attached only by the main splenic 
vein (Fig. 2). Samples for blood gases and pH were 
taken from this vein preoperatively and at hourly inter- 
vals for 4 hours after dearterialization. The operation was 
then terminated. Splenic scans were carried out pre- 
operatively and at 1 and 4-month intervals post- 
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Fic. 1. Technic of ligation of splenic artery. 


operatively. The organs were surgically reinspected 4 
weeks later and appropriate biopsies taken for histo- 
logic examination. Removal of the spleen was done on 
the 16th week for full pathologic examination. 


Red Cell Mass and Iron Turnover 


Red cell mass was measured with autologous cells 
labeled with ®'Cr. Plasma iron turnover was calculated® 
from serum iron and °*Fe measurements on blood 
drawn following injection of autologous plasma equili- 
brated with ®°Fe-labeled ferrous citrate.!83 Red cell iron 
turnover was calculated from the maximum uptake of 
iron in red cells and the red cell mass.15 
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Fic. 2. Technic of dearterialization of spleen. 
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Factor VIII and IX Assays 


These were done with canine plasma, deficient in one 
or the other factor, by a modified partial thromboplastin 
time assay.” Values were expressed as a percentage of the 
normal dog standard pool of 20 randomly chosen dogs 
(10 of each sex). 


Platelet Labeling 


Autologous platelets were labeled with °'Cr by a 
method modified from Aster and Jandl.' They were 
concentrated by centrifugation of platelet-rich plasma 
(collected at 300¢ ) and suspended in platelet poor 
plasma to form a concentration of 3 x 10°/ml. One 
hundred microcuries of isotopic Na®'CrO, were then 
added to this suspension. After 1 hour at room tempera- 
ture, 1 ml. of 1% ascorbic acid was added to halt the 
reaction. The labeled platelets were washed with plate- 
let poor plasma and resuspended in 5 ml. fresh platelet- 
poor plasma before being injected into the dog. Platelets 
were counted by the method of Brecher and Cronkite.’ 


Platelet Sequestration 


This was estimated with a scintillation crystal of 1% 
in. diameter and a single channel analyzer spectrometer. 
Counts were taken over the spleen with 1% in. of lead 
collimation, with the probe perpendicular to the skin 
surface until equilibration occurred. 


S plenic Scans 


These were done with **Technetium Sulphur colloid 
preoperatively, one month after splenic artery resection 
and immediately before splenectomy. 


Splenic Contractility 


This was estimated by measuring surface counts over 
the spleen before and after the injection of 0.3-0.8 ml. 
of 1:10,000 adrenaline via a peripheral vein. Fifty per 
cent increases in pulse rate were taken as representing 
effective doses of adrenaline. Surface counts were mea- 
sured under two different conditions. The first was done 
following red cell volume measurement with °'Cr and the 
second after uptake of ®!Cr labeled platelets by the 
spleen. 


Results of Splenic Artery Ligation 


Hemoglobin 


The changes in hemoglobin levels are shown in Figure 
3. In the splenectomized group there was a steady fall 
over the 8-week postoperative period down to average 
levels of 14 Gm./100 ml. In animals with ligated arteries, 
the hemoglobin exhibited constant levels throughout, 
with little tendency to fall. When splenectomy was car- 
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ried out in these animals the hemoglobin level again 
exhibited a tendency to fall progressively. 


White Blood Cell Count 


The changes in the white blood cell count are seen in 
Figure 3. The ligation series showed a sustained rise for 
the first 3 weeks which then subsided to normal, After 
splenectomy however, there was a sustained rise for 8 
weeks and this pattern was also seen after primary 
splenectomy. 


Platelet Count 


The pattern of platelet counts is shown in Figure 3. 
In splenectomized animals, there was a marked and 
sustained platelet rise in the first 3 postoperative weeks. 
The counts then fell to more normal levels over the 
succeeding weeks. After arterial ligation, no marked 
change in the platelet count could be identified. In 
these animals when splenectomy was completed, the 
previously noted rise in platelet counts occurred for a 
period of 3 to 4 weeks postoperatively, 


Factor VIII 


After ligation of the splenic artery, there was a slight 
fall in the level of circulating Factor VIII. This was 
persistent over the eight week postoperative period, an 
average level of 80% of the normal standard being mea- 
sured in these animals. Following splenectomy the levels 
of Factor VIII rose steadily with values approaching 
normal controls by the eighth postoperative week (F ig. 
4), 
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Fic. 3. Changes in hemoglobin, white blood cell and platelet counts 

following arterial ligation and splenectomy. Normal average values 


were hemoglobin 16.3 Gm./100 ml., white blood cell count 13,300/ 
cu, mm., platelets 244,000/cu. mm. 
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Fic. 4. Changes in Factors VIII and IX after arterial ligation and 
splenectomy. Mean values are shown. Standard Deviation: Ligation 
Series, 42-60%, Splenectomy Series, 23-524, 


Factor IX 


Measurements of this factor revealed some fluctuation 
around normal values over the 8-week period after liga- 
tion. Following splenectomy there was a gradual increase 
in activity to values above the normal standard (Fig. 4). 


Splenic Scans 


Scans were carried out in each animal before ligation 
and at 4 and 16 weeks after arterial interruption. The 
changes are shown in Table 1. At 4 weeks, the scans 
remained unchanged in four animals (F ig. 5) and six 
showed a slight diminution in uptake. On the sixteenth 
week, three of the four normal scans remained unchanged 
while the fourth showed a slight loss of uptake. Of the 
six spleens which showed slight diminution in uptake at 
4 weeks, only one had a further loss of uptake. 


Red Blood Cell Mass and Iron Metabolism 

Splenectomy caused a decrease of about 30% in 
the red cell mass compared to normal dogs (p < 0.025). 
Ligation of the splenic artery caused most of this de- 
crease (26%). Similarly, ligation caused a significant 


TABLE 1. Results of Splenic Scans in Ligated and 


Dearterialised Animals 
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Ligation Dearterialization 

4th 16th 4th 16th 

Degree of Change Week Week Week Week 
Normal 4 3 0 0 
Minor 6 6 0 0 
Moderate 0 l 2 2 
Severe () 0 2 2 
0 2 2 
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Fic. 5. Typical example showing similarity of splenic scans before 
and after arterial ligation. 


drop, 38%, (p < 0.025) in the turnover rate of plasma 
iron and splenectomy resulted in a further decrease 
of 11%. Increases in the maximum amount of iron taken 
up by red blood cells following ligation appeared to 
offset the depressed plasma iron turnover since there was 
no significant change in the red cell iron turnover until 
splenectomy was performed (Table 2). 


Splenic Contractility 


Ligation of the splenic artery had no effect on the 
ability of the spleen to contract and discharge red cells 
in response to systemic adrenaline. However, the ability 
to discharge platelets was significantly decreased. 


Platelet Sequestration 


The sequestration of labeled platelets in the spleen 
was similar in normal animals and in those with an 
interrupted splenic artery. The rate of uptake, how- 
ever, was slower in the ligation group. Representative 
data are shown in Figure 6. This figure also shows the 
dynamic response to adrenaline. 


Histology 


Examination of the spleens, both at the 4-week 
exploration and after splenectomy, revealed that the 
macroscopic appearances of the organs were essentially 
normal. Indeed on surgical exploration it was difficult to 
find by inspection abnormal areas for biopsy purposes. 
On histologic examination all biopsy and organ specimens 


TABLE 2. Effects of Artery Ligation and Splenectomy on RBC 
Volume, Plasma Iron Turnover and RBC Iron Turnover 
Changes in Red Cell Volume and Iron Metabolism 


Plasma Fe RBC 
RBC Volume Turnover Fe Turnover 
Condition (ml.) (mg./Kg./day) (mg./Kg./day) 
Normal 826 0.623 0.226 
Post-ligation *612 *0). 384 0.233 
Post-splenectomy 591 0.315 t0.198 
* 6 < 0.025 


t0.2>p<0.4 
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exhibited a slight increase in the capsular thickening 
and fibrous stroma of the spleen. In four of the ten 
spleens, there were also small scattered areas of scarring 
mainly in the central areas of the organs. Apart from 
these minor changes the overall histologic appearances 
were little different from those of the normal organ, In 
general the small degree of histologic changes correlated 
well with the post-ligation splenic scans but in the 
single animal in which there appeared to be moderate 
deficiency in **Technetium uptake, the histologic changes 
were no worse than those seen in the other organs. 


Results of Splenic Dearterialization 


Surgical inspection 4 weeks after dearterialization 
showed that four of the six organs survived as recog- 
nizable structures. All of these organs exhibited surface 
scarring (Fig. 7) and in one, the central portion of the 
organ was completely replaced by fibrous tissue (Fig. 8). 
However, the polar regions appeared largely intact. The 
remaining two spleens were completely atrophic and 
one of these was the site of a small sterile abcess. 

Blood gas and pH studies carried out on blood drawn 
from the splenic vein, at hourly intervals for 4 hours 
after dearterialization showed two distinct patterns. In 
those organs which survived, analysis showed that within 
the first hour there was metabolic acidosis, but this trend 
had stabilized or reversed by the end of 4 hours (Fig. 
9A). Conversely, in those instances in which the spleen 
became atrophic, the measurements showed progressive 
uncontrolled metabolic acidosis (Fig. 9B). 

In two of these animals, I-labeled fibrinogen was 
administered immediately after dearterialization. Ten 
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Fic. 6. Platelet sequestration after arterial ligation. The response 
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Fic. 7. Surface scarring and adherence of omentum in dearterial- 
ized spleen. 


minutes later, blood drawn simultaneously from the 
splenic and renal veins showed equilibration of isotope 
between these sites. In a separate experiment this was 
repeated but the spleen was removed at the end of 3 
hours. Counts per gram wet weight of tissue removed 
across the sectional area of the organ showed that radio- 
activity could be detected to the periphery (Fig. 10). 

Splenic scans were carried out pre- and postopera- 
tively on dogs undergoing splenic dearterialization (Table 
1). The scans showed that at the end of the first post- 
operative month, two of the spleens had a moderate 
diminution in uptake and two showed a more severe 
disturbance in function (Fig. 11). In the animals with 
atrophic spleens, no sign of function could be demon- 
strated. The organs were excised at the end of 16 weeks 
and submitted to histologic examination. In each of the 
surviving organs there were easily recognizable areas 
of patchy Gbrous scarring with preponderance of inter- 





Fic. 8. Dearterialized spleen showing surface scarring and central 
necrosis 
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spersed normal splenic tissue. It was also noted that 
the organs appeared to derive some degree of arterial 
supply by direct ingrowth from the omentum which was 
closely adherent to each of them. 


Discussion 


There is little published work on the changes which 
occur in the spleen after the splenic artery is ligated. 
This procedure has been considered for patients with 
portal hypertension and Banti’s syndrome who could 
not tolerate extensive operation,” but its value was dis- 
puted by McFadzean and Cook!" who found little bene- 
fit in five patients. Negligible gross and histologic changes 
in the spleen were noted‘ following ligation of the splenic 
artery in three dogs. However, no studies on hemato- 
logic or splenic function were conducted so that their 
conclusions are based on insufficient data from few 
experiments. By contrast, Sato'' temporarily occluded 
the splenic arteries of dogs for periods up to.90 min- 
utes and in 70% death occurred within 40 days after ar- 
terial flow was restored. In those dogs the spleens showed 
marked periarterial fibrous deposits and capsular thick- 
ening. 

There has been therefore considerable doubt as to the 
type and extent of the changes which occur after inter- 
ruption of splenic artery flow. It is important to have © 
secure grounds for not removing the spleen after.the use 
of the splenic artery for reconstructive arterial proce- 
dures, Our study was designed to investigate this matter. 
Comparison of the pre- and postoperative scans showed 
only small variations in organ size and function and this 
was confirmed by surgical and histologic examinations. 
The findings followi ‘ing the ligation of the splenic artery 
in the dog show clearly that this procedure does not 
significantly affect the structure of the healthy spleen. 

The pathologic changes parallel the phy siological 
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Fic. 9. A. Stabilization of blood gas patterns in surviving spleens. 
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Fic. 10. Uptake of 125I fibrinogen by spleen after dearterialization. 
Cpm/g wet weight is plotted for splenic areas shown in cross- 
section.on the sketch. 


findings; organ functions are well preserved after in- 
terruption of the main arterial supply. Compared with 
splenectomized animals, the ligation series exhibited 
little change in hemoglobin, white blood cell or platelet 
counts. By contrast however, there were signs of distur- 
bance in splenic function as measured by changes in 





Fic. 11. Splenic scan of dearterialized spleen (shown in Fig. 8). 
The poles are functional while the central area is functionless. 
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production of coagulation Factors VIII and IX. Such 
data provide further evidence for the role of the 
spleen in regulation of Factor VIII and IX levels,®:!4 but 
explanations for these observations remain unclear. 

In many animals the splenic capsule has marked 
contractile abilities in keeping with the role of the organ 
as a blood reservoir. The effect of noradrenaline on 
splenic contraction was reported in cats by Toghill 
and Prichard’? using a method similar to that used in this 
study. The degree of contraction appears to differ for 
red cells and platelets but this may be due to greater 
damage to platelets than red cells in the labeled prepara- 
tions used, resulting in greater retention of these dam- 
aged elements by the spleen. The similar effect of adrena- 
line on the contraction of normal dog spleens and those 
with ligated splenic arteries, indicates that the function 
of the splenic fibromuscular stroma is unimpaired by this 
degree of reduction of blood supply. 

It was reported by Waldman’? that splenectomy caused 
a 31% decrease in the circulating red cell volume. In 
these experiments, there was a similar fall after splenec- 
tomy (28%) but most of this occurred after ligation of 
the splenic artery. Similarly most of the decrease in plasma 
iron turnover observed between the normal dogs and 
splenectomized dogs, occurred following artery ligation. 
Consistent with these changes, the decreased red blood 
cell iron turnover following splenectomy suggests a de- 
creased rate of red cell synthesis. Our findings in the 
splenectomized dog are in argeement with those of Wald- 
mann. The depression of iron metabolism and red cell 
synthesis after ligation is interesting. This is probably 
due to subtle changes in splenic metabolism caused by 
the moderate ischemia of artery ligation and may also 
explain the slower rate of platelet sequestration observed, 

Dalton and West! dearterialized the spleens in four 
dogs, the only intact attachment being the splenic vein. 
They reported that all of these organs survived in a 
practically normal state on gross and microscopic ex- 
aminations. In our experiment four of six dearterialized 
spleens survived in recognizable form, but in each there 
was definite gross and microscopic evidence of ischemic 
fibrosis. Splenic scans confirmed that these organs re- 
tained a substantial degree of function. However, when 
the spleens underwent complete atrophy, the animals 
survived without apparent ill effects. 

The experiments, therefore, confirm some of the con- 
clusions of Dalton and West and show that the dearterial- 
ized spleen may retain a significant degree of function. 
Not all of the spleens were viable and in those which 
survived, the organs were not normal, but showed definite 
stigmata of ischemic damage. 

It is indeed surprising that spleens do survive this de- 
gree of ischemia and the mechanism by which this 
occurs is of interest. In the immediate period after de- 
arterialization the only means of blood supply to the organ 
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is the splenic vein. Survival must therefore entail reflux 
into the spleen from the portal system. The blood gas and 
pH results shown in Figure 9A&B suggest that reflux may 
be established within the first 3 hours. This mechanism 
was confirmed with a radioactive tracer and its establish- 
ment reverses the initial metabolic acidosis which was 
exhibited in each instance. In the immediate postopera- 
tive period, however, the organs may derive a significant 
blood supply from the omentum which was found to 
envelop and be closely adherent to them (Fig. 7). These 
adhesions bled when cut and in two of the four organs, 
vascular connections between the omentum and the 
splenic tissue could be demonstrated on histologic ex- 
amination. Over the long term, this was probably the 
source of blood supply which contributed most to the 
survival and function of the organs. 

These experiments have shown conclusively that inter- 
ruption of the splenic artery in the dog does not cause 
serious ischemic effects on the healthy spleen, Minor 
disturbances of morphology may be produced by this 
mechanism but survival of the organ with maintenance 
of its function can nevertheless be expected. The over- 
all effect of arterial ligation on the animal’s metabolism 
and homeostasis does not appear to be significant. It is 
therefore unlikely that this procedure would prove to be 
a satisfactory alternative to elective therapeutic splenec- 
tomy. 

The experiments on splenic dearterialization demon- 
strated that the healthy organ has a great resilience un- 
der conditions of severe ischemia and a proportion of 
them may be able to continue to function even under 
these circumstances. 


Summary 


Splenectomy routinely follows the use of the splenic 
artery for revascularization of abdominal viscera. This 
may often be difficult to perform for correction of hema- 
tologic disorders and deprivation of the main arterial 
supply to the spleen may be a satisfactory alternative. Ex- 
periments were carried out in dogs to determine if ische- 
mia of the spleen due to partial or total interruption of 
its blood supply makes splenectomy mandatory. 

Ligation of the main splenic artery was carried out in 
10 animals. Hematologic disturbances during an 8-week 
post-ligation period were minor compared with the 
effects following splenectomy in the same animals, but 
there was a significant decrease in red cell mass and 
plasma iron turnover in the post-ligation period with little 
further decrease upon splenectomy. Changes in Factor 
VHI and IX levels suggested that the spleen con- 
trols these factors. There was little histologie change 
after ligation of the splenic artery and scans and con- 
tractility of the spleen were similar in the normal and 
ligation groups. 

In six animals the spleen was completely dearterialized 
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and in four of these, the organ survived as a recognize 
able structure. Evidence that portal vein reflux contrib- 
uted to their survival was obtained from radioactive 
tracer experiments and blood gas and pH measurements. 

The experiments show that splenectomy is not manda- 
tory after splenic artery ligation and that the spleen can 
survive even the severe ischemia of complete dearteriali- 
zation. 
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High Abdominal Aortic Aneurysm, Hepatic Artery 
Aneurysm, and Cystadenoma of Pancreas 
Treated Surgically in a Young Woman 


BENJAMIN F. GIBBS, JR, M.D.,* DAVID R. JAMES, CDR., MC, USN, GARY D. 
KETRON, LCDR., MC, USNR, ROGER F. MILNES, CAPT., MC, USN. 


Moan ANEURYSM FORMATION iN systemic or visc- 


eral arteries characterized by atherosclerotic de- 
generation is well recognized. Nonatheromatous aneu- 
rysms occur less commonly, at times in association with 
other systemic diseases or connective tissue disorders, + +5 
| We recently encountered a young woman with non- 
atheromatous aneurysmal degeneration of the hepatic 
artery and abdominal aorta with an associated pancreatic 
cystadenoma. This constellation of findings and method 
of management are the basis of this report. 


Case Report 


A 48-year-old woman was admitted in March 1972, for evalua- 
tion of an enlarging asymptomatic abdominal aortic aneurysm as- 
sociated with an hepatic artery aneurysm. 

In 1963, following a hysterectomy, the patient was informed that 
the abdominal aorta was “slightly enlarged.” She first became 
aware of a pulsatile abdominal mass in 1968, at which time an 
aortogram revealed a fusiform, apparently suprarenal aneurysm of 
the abdominal aorta with an associated hepatic artery aneurysm. 
Operation was not recommended. In June 1971, a repeat aortogram 
revealed no apparent change in the configuration of the two 
aneurysms (Figs. 1 & 1A). An ultrasonic echogram revealed the 
abdominal aortic aneurysm to measure 6 cm. in diameter. Repeat 
echogram in February 1972, revealed the diameter of the abdomi- 

nal aortic aneurysm to have increased by 0.75 cm. leading to the 
present admission. Except for the presence of the pulsation, she 
remained asymptomatic. The patient had been treated for pul- 
monary tuberculosis several years previously with apparent cure. 

On physical examination there was an easily palpable pulsatile 
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mass in the left upper quadrant of the abdomen. Blood pressure 
and the remainder of the examination was normal. She was 
scheduled to undergo operation on March 20, 1972. 

Laparotomy disclosed nonatheromatous aneurysmal enlarge- 
ment of the common hepatic and proximal 2 cm. of right hepatic 
arteries. The distal right hepatic artery appeared normal. The left 
hepatic, left gastric, and splenic arteries were uninvolved. The 
superior mesente ric artery was large and its distal ramifications 
were tortuous. The right renal artery, arising from the aorta at 
about the same level as the superior mesenteric, was normal. The 
aortic aneurysm began at the level of superior mesenteric and 
right renal artery and ended proximal to the aortic bifurcation. 
There was no evidence of atherosclerosis. The left renal artery 
arose as two branches from the widest portion of the aortic 
aneurysm. An unsuspected finding was a firm, discrete, spherical 
mass, 3 cm, in diameter, within the body of the pancreas, 

The spleen and body of the pancreas with its contained tumor 
were mobilized en bloe anteriorly. The pancreas was transsected 
through the neck, 4 cm. to the right of the tumor, preserving the 
splenic artery. The resected specimen was submitted for frozen 
section, and the pancreatic tumor was identified as benign cystad- 
enoma. The stump of the remaining pancreas was closed with 
3-0 Tevdec mattress sutures. 

The common hepatic artery was divided at its origin and both 
ends were oversewn, The gastroduodenal artery was ligated at 
its junction with the hepatic artery aneurysm, and the right and 
left hepatic arteries were divided distally, totally excluding the 
hepatic artery aneurysm from the circulation. End-to-end anasto- 
mosis of splenic artery to right hepatic artery was performed 
using 6-0 vascular sutures. End-to-side anastomosis of left hepatic 
artery to splenic artery was accomplished using a similar technic. 
With release of the vascular clamps, blood flow was re-established 
through the splenic artery into both hepatic arteries. 

The left renal vein was divided between clamps to facilitate 
exposure of the proximal extent of the aortic aneurysm. The aorta 
was clamped proximal to the superior mesenteric and renal arteries, 
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and transected immediately distal to the superior mesenteric and 
right renal arteries, but proximal to the left renal artery. A 19 
mm. dacron graft was sutured to the proximal aortic cuff which 
held sutures poorly. Therefore, a 2-inch sleeve of the graft ma- 
terial was used to buttress the suture line with appropriate slits 
and apertures created in the buttress, to allow egress of the 
superior mesenteric and right renal arteries. The proximal oc- 
cluding clamp was then placed distal to the right renal artery, 
restoring flow to the superior mesenteric and right renal arteries. 
Occlusion time for these two arteries was 14 minutes. 

The left renal artery was detached from the aneurysm, preserv- 
ing a 1 cm. radius cuff of aortic wall around the renal artery orifice. 
An ellipse was removed from the left anterior wall of the graft, 
and the left renal artery with its preserved cuff of aorta was re- 
implanted into the graft using continuous 4—0 vascular suture. 
The occluding clamp was repositioned distal to the reimplanted 
left renal artery, restoring flow to that artery after a total occlusion 
time of 24 minutes. The normal distal aorta was transected 
proximal to its bifurcation. Anastomosis of the graft to distal aorta 
restored blood flow to the lower extremities. The previously di- 
vided left renal vein was reanastomosed. The 
cision was closed without drainage. 

On the evening of operation, re-exploration was necessary to 
control bleeding from a small artery on the aneurysm wall which 
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Fic. 1. Translumbar aortogram shows aneurysmal degeneration of 
hepatic artery and abdominal aorta. 
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Fic. 1A, Line drawing of translumbar arteriogram. 


had been left in situ. The postoperative course was otherwise un- 
complicated. 

An arteriogram obtained 2 weeks following operation is shown 
in Figure 2. The distal right hepatic artery is not visualized in an 
early phase but is well seen in a later sequential film, indicating 
probable occlusion of the spleno right hepatic artery anastomosis 
with reconstitution via collateral flow. 


Discussion 


The occurrence of multiple nonatheromatous aneu- 
rysms in this relatively young patient raises the question 
of etiology. 

The past history of tuberculosis suggests the pos- 
sibility of mycotic aneurysm formation, but the dura- 
tion of history and absence of other signs of persistent 
infection seems to exclude this. 

The atypical aortic aneurysm could be due to idio- 
pathic medial aortopathy and arteriopathy, a pathologic 
entity described by Marquis et al. which attempts to 
bring together under one heading several disease states 
characterized by medial degeneration of the aorta and 
its proximal branches. Peripheral visceral aneurysms 
are not included in their description, however, and we 
have no pathologic evidence to support the possibility 





Fic. 2. Postoperative arteriogram shows probable occlusion of 
spleno-right hepatic artery anastomosis. 


that our patient represents another variant of this con- 
dition. 

Multiple visceral aneurysms may occur in polyarteri- 
tis nodosa. Characteristically they involve the kidney, 
but multiple aneurysms within the liver, spleen, and 
along the peripheral branches of the superior mesenteric 
artery may occur.! The latter finding is suggested by 
the postoperative arteriogram in our patient. Usually, 
only small and medium sized arteries are involved in 
polyarteritis nodosa, however, tending to exclude this 
diagnosis in our patient. 

The cystadenoma of the pancreas, while perhaps not 
etiologically related to the aneurysm formation, is an 
interesting coincidental finding, and is reminiscent of a 
case of renal and hepatic cysts associated with multiple 
aneurysms in the Ehlers-Danlos Syndrome.* Arterial ab- 
normalities may be the most prominent manifestation of 
the Ehlers-Danlos Syndrome in some patients with that 
disease* and the occurrence of multiple nonatheromatous 
aneurysms raises this diagnostic possibility. The ab- 
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sence of histologic connective tissue abnormalities does 
not exclude this diagnosis. 

Our patient does not clearly fit into any of the above 
disease classifications. A systemic condition or basic 
connective tissue defect involving the arteries seems 
likely. Pathologic examination of the arterial segments 
in the spleen and pancreas revealed no abnormalities 
to explain the pathophysiologic process in our patient. It 
is regrettable that we did not consider biopsy of the 
aorta at the time of operation. 

The technical aspects of this case are of some interest. 
Hepatic aneurysm exclusion with splenic artery bypass 
has been used successfully by McCorriston et al.’ and 
subsequently by others.” In previous cases the spleno- 
hepatic anastomosis was proximal to the hepatic artery 
bifurcation. We believe our case represents the first 
anastomosis of the splenic artery separately to the right 
and left branches of the hepatic artery. This, of course, 
was necessitated by the findings in our case. 

Other technical principles employed in managing this 


Fic. 2A. Later sequential film of postoperative arteriogram shows 
reconstitution of distal right hepatic artery by collateral flow. 
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patient included division of the left renal vein to facilitate 
exposure, with subsequent reanastomosis;* cuff reinforce- 
ment of high aortic anastomosis, including the origins of 
the superior mesenteric and right renal arteries;? and 
reimplantation of left renal artery into aortic graft.” None 


of these technics are original or difficult, but to use all of 


them in one operation is unusual; to employ them in 
combination with resection of a pancreatic tumor is, we 
feel, somewhat unique. 


Summary 


The case of a relatively young woman with high ab- 
dominal aortic aneurysm associated with hepatic artery 
aneurysm and cystadenoma of the pancreas is reported. 
The operative management which resulted in a successful 
early outcome is described. Some questions are raised 
as to possible etiology of this interesting and unusual as- 
sociation of clinical conditions. 


Addendum 


The patient is alive and well 15 months following operation. 
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Fic, 2B. Line drawing depicts completed operation. 
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Effect of Truncal, Selective and Highly Selective Vagotomy 
on Gastric Emptying and Intestinal Transit 
of a Food-Barium Meal in Man 


ALAN R. WILKINSON, MB, ChB, FRCS, DAVID JOHNSTON, FRCS (ED. & GLASG.) 


OTH TRUNCAL vacoTOMY?!® and bilateral selective 
B vagotomy,!?18 when used alone, have produced 
gastric stasis in man.*'! This is not surprising, since 
both procedures effect the entire stomach,” includ- 
ing the antrum. In consequence, the addition ofa 
drainage procedure is necessary. However, the com- 
bination of complete gastric vagotomy with pyloroplasty 
or gastrojejunostomy leads to abnormally-rapid gastric 
emptying,®*:7°".25 which in turn may produce side- 
effects such as dumping and diarrhea. 17.22.23 

Highly selective vagotomy (HSV) is confined to the 
parietal cell mass. The antrum remains innervated, 
eliminating the addition of a drainage procedurer! 
and side-effects are much reduced.***° This study com- 
pares gastric emptying in patients after HSV with gastric 
emptying in patients before operation and in patients 
after truncal or selective vagotomy with pyloroplasty. 
The main questions to be answered were: first, was there 
evidence of gastric stasis after HSV, and, second, was 
the pattern of gastric emptying and small bowel transit 
closer to the preoperative pattern after HSV than after 
vagotomy with pyloroplasty? 


Method 
Patients 


Thirteen patients with duodenal ulceration (DU), 
without clinical or radiologic signs of pyloric stenosis, 
were studied before operation, Patients who were studied 
after vagotomy were in good health (nearly all in Visick 
I and II'*), 1 to 3 years after operation, and in each the 
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vagotomy had been complete in insulin testing!’ in the 
early postoperative period. 

All the patients were men, with the exception of two 
women in the selective vagotomy group and one woman 
in the HSV group. Tadi patients had undergone 
truncal vagotomy and pyloroplasty (TV + P); 10 had 
bilateral selective vagotomy and pyloroplasty (SV + P), 
and 14 underwent highly selective vagotomy without 
drainage (HSV). The pyloroplasty was of the Heinecke- 
Miculicz type in each case, The mean (+1 SE) ages 
of the patients were 45.1 + 3.7 (DU), 498 + 35 
(TV + P), 44.8 = 2.4 (SV + P), and 44.5 + 2.5 years 
(HSV). Mean weights were, respectively, 67.3 + 2 3 Kg. 
(DU), 68.2 + 1.8 (TV + P), 62.9 + 2.7 (SV + P) ‘ad 
68.3 + 19 Kg. (HSV). 


Meal 


The meal consisted of two slices of toast, one ounce 
(28 Gm.) of butter, two scrambled eggs, 170 ml. of tea 
with milk and one teaspoonful of sugar, 30 ml. of “Ray- 
bar’ and 30 ml. of water. These ingredients were homo- 
genized in a blender for 10 minutes. The resulting meal 
was semi-fluid in consistency and tasted surprisingly 
pleasant, like a rather chalky cake-mix. It was served 
warm, and eaten with a spoon because it was too thick 
to drink. 


Procedure 


The test began at 6 p.m., after the patient had fasted 
from lunchtime, about 1 p.m. First, a plain X-ray film 
of the abdomen was taken. Then the patient sat upright 
in a chair, and ate the meal in the course of 5 to 10 
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minutes. Further abdominal radiographs were taken, 
15, 30, 45, 60, 90, 120 and 150 minutes from the start 
of the meal, with the patient lying prone on the X-ray 
table. In the intervals between exposures, he sat in a 
chair, or strolled about the X-ray Department. 


Assessment 


The films were assessed by an experienced radiologist, 
who was unaware of the group to which the patient 
belonged. He was asked to answer three questions: (1) 
Which was the first film which showed the start of gastric 
emptying (i.e. the presence of barium in the duedenum 
or beyond). (2) When was the stomach completely 
empty? (apart perhaps from the merest traces of barium 
clinging to the gastric mucosa). (3) When did the head 
of the meal reach the colon? 


Statistics 


Differences between groups were analyzed by means 
of the Mann-Whitney test™ for non- parametric data. 


Results 


Time Interval before the Start of Gastric Emptying. 


Gastric emptying had begun by the time the 15- 
minute film was exposed in all the patients who had 
undergone TV + P or SV + P, but in only 10 of the 13 
preoperative DU patients and 12 of the 14 patients after 
HSV (Fig. 1). These differences are not statistically 
significant. By 30 minutes, gastric emptying had begun 
in all patients. 


Time Required for Stomach to Empty Completely. 


Gastric emptying was significantly faster in patients 
who had undergone TV + P (p < 0.002) or SV + P 
(p < 0.002) than in preoperative DU patients. Gastric 
emptying was also significantly faster after TV + P than 
after HSV (p < 0.002), and significantly faster after 
SV + P than after HSV (p < 0.01). There was no 
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Fic. 1. In most patients, 
barium was visible in the 
duodenum or beyond at 
15 minutes. The start 
of gastric empty ing is 
slightly faster in patients 
after TV + P and SV + 
P than in preoperative 
DU patients or patients 
after HSV. By 30 min- 
utes, gastric emptying 
had begun in all patients. 
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Fic. Patients after truncal vagotomy and pyloroplasty (TV) 
had : Eee faster (p < 0.002) gastric emptying than had 


either patients ‘with duodenal ulcer before operation (DU) or 
patients who had undergone highly selective vagotomy (HSV). 
Though gastric emptying in the selective vagotomy—py loroplasty 
group (SV) was slightly slower than in patients after TV + P, 
it was significantly faster than in DU patients (p < 0.002) or 
HSV patients (p < 0.01). The pattern of gastric emptying after 
HSV was similar to that observed in preoperative DU patients. 


significant difference between the rates of gastric emp- 
tying in DU and HSV patients (Fig. 2). For example, 
90 ate after the meal, the a was completely 
empty in none of the 13 DU patients, nine of 12 patients 
after TV + P, five of ten patients after SV + P, and 
two of 14 patients after HSV. 


Time Required for the Head of the Meal to Reach the 
Cecum. 


Small bowel transit, as judged by the time required 
for the head of the meal to reach the colon, was signif- 
icantly faster in patients after TV + P (p < 0.002) 
and SV + P (p < 0.002) than in preoperative DU 
patients (Fig. 3). Small-bowel transit was also slightly 
faster in HSV patients than in preoperative DU pa- 





MINUTES AFTER START OF MEAL. 


Fic. 3. Transit of the head of the meal through stomach and small 
intestine was significantly faster after franca! vagotomy—pyloro- 
plasty (TV) than before operation (DU: p < 0.002). or than 
after highly selective vagotomy (HSV: p< 0.05), Similarly, 
gastro-intestinal transit was significantly faster in the selective 
vagotomy—pyloroplasty group (SV) than in preoperative DU 
patients (p < 0.002). The HSV and DU groups of patients did 
not differ significantly, 
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“tients, but the difference was not statistically signif- 
icant. Barium reached the colon significantly faster 


after TV + P than after HSV (p < 0.05), but the dif- 
ference between the SV + P and HSV groups was not 
very significant (p < 0.1). For example, 45 minutes post- 
cibum the head of the meal had reached the colon in 
none of the preoperative DU patients, six of 12 TV + P 
patients, three of 10 SV + P patients and one of 14 
HSV patients, Ninety minutes after the meal, barium 
had reached the colon in none of the DU patients, 10 
of 12 TV + P patients, six of 10 SV + P patients and 
five of 14 HSV patients. 


Discussion 


A radiologic method such as this is a relatively crude 
way of investigating gastric emptying. It is capable only 
of demonstrating T existence of large differences be- 
tween groups of subjects, One cannot, for example, state 
that the stomach is 35% empty or 80% empty. However, 
certain definite statements can be made. One can say that 
gastric emptying has started or that it has not; that the 
stomach is completely empty or that it is not; and that 
the head of the meal has reached the colon or that it 
has‘not: Emptying of the thick food-barium paste is 
likely to give a better estimate of the emptying of a 
normal meal than would barium alone. 

It is assumed, on the basis of previous work by others," 
that. gastric emptying is normal, or at least not slower 
than normal, in patients with duodenal ulcer who do 
not have clinically-manifest pyloric stenosis. 

The results which we have obtained are in accord 
with those of previous workers® °° %8. 26 who found that 
gastric emptying of fluids was significantly faster after 
cal or selective vagotomy with a drainage procedure 
than in patients with duodenal ulcer before operation. 
They are also in agreement with reports that gastric 
emptying of fluids and of food-and-barium,™* is not 
delayed after HSV. Our results are not in agreement 
with the report by Buckler? that gastric emptying 
was delayed after truncal vagotomy and pyloroplasty, 
nor with that of Cowley et al.* who found that gastric 
emptying was normal after truncal vagotomy and pyloro- 
plasty. Buckler? and Cowley et al.Sused a test meal of 
solid food, which may explain why gastric emptying 
in their patients was slower than in our patients after 
TV + P or SV + P, in whom the test meal was semi- 
fluid. The posture adopted by the patients during the 
test may also provide an explanation for the differing 
results, because Cowley’s et al.® patients were kept in a 
recumbent position thr oughout the test, whereas our pa- 
tients sat in a chair or walled about except when radio- 
graphs were being taken. According to the work of 
McKelvey et al??? posture does not ‘exert an important 
influence on gastric emptying in the intact individual, 
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but after vagotomy with a drainage procedure it assumes 
great importance. Gastric emptying is retarded if the 
patient lies supine and is rotated towards the left, 
whereas emptying is precipitate if the patient assumes 
the upright posture. These findings of McKelvey et al.2?.*8 
apply only to fluids, but they are probably relevant to 
the emptying of normal meals. For example, a normal 
dinner consists of fluids (aperitif, soup) followed by 
solids and semi-solids (meat, gravy and potatoes), 
followed by solids with hypertonic liquid (fruit salad 
with syrup and ice-cream), followed by more fluids 
(coffee). The conclusions of Cowley et al.8 that gastric 
emptying is within the normal range after TV + P are 
also difficult to accept because it is known that 10 to 
30 per cent of patients experience early dumping in 
the first year after TV + P or SV + P, which strongly 
suggests that their gastric emptying is abnormally rapid. 
Finally, after the demonstration by Code et al.? that the 
pylorus and the terminal antrum discriminate between 
solids and liquids, holding back solids and retropelling 
them into the body of the stomach while liquids are 
allowed to pass, it seems inconceivable that gastric 
emptying of solids should be normal when the pylorus 
has been destroyed by pyloroplasty or bypassed by 
gastrojejunostomy. Indeed, it was subsequently shown 
by Dozois et al.® that after the terminal antrum is 
excised, solid spheres empty more rapidly from the 
stomach of dogs. 


Summary 


Gastric emptying of a food-barium meal was measured 
radiographically in patients with duodenal ulcer with- 
out pyloric stenosis before operation, and in well-matched 
groups of patients who were in good health more than 
l year after highly selective vagotomy, truncal vagotomy 
and pyloroplasty and selective vagotomy and pyloro- 
plasty. In each patient, the vagotomy was complete 
on insulin testing in the early postoperative period. The 
meal was palatable, and semi-solid in consistency. 
The patients were allowed to sit in a chair or to walk 
about in the intervals between X-rays. 

The meal began to leave the stomach slightly earlier, 
but not significantly, in patients after truncal and selec- 
tive vagotomy with pyloroplasty than in preoperative 
patients or patients after highly selective vagotomy. 

The stomach was completely empty significantly 
sooner in patients who had undergone truncal and 
selective vagotomy with pyloroplasty than in duodenal 
ulcer patients or in patients after highly selective vagot- 
omy. 

The head of the meal reached the colon significantly 
sooner in patients after truncal and selective vagotomy 
with pyloroplasty than in preoperative duodenal ulcer 
patients. Thus, gastrointestinal transit was significantly 
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faster in patients who had undergone truncal or selective 
vagotomy with pyloroplasty than in patients with duo- 
denal ulcer before operation. In patients after HSV, 
small-bowel transit was slightly faster than in duodenal 
ulcer patients, but was much less rapid than in patients 
after truncal or selective vagotomy with pyloroplasty. 
These findings indicate that gastric emptying and 
small-bowel transit times are closer to normal in patients 
who have undergone HSV than in patients who have 
undergone truncal or selective vagotomy with pyloro- 
plasty. On the other hand, there was no evidence of 
delayed gastric emptying after highly selective vagotomy. 
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Congenital Obstruction of the Pancreatic 


CUTE ATTACKS of pancreatitis have been re ported 

to relate to gallstone disease, alcoholism, operative 
and - éxternal tac and many other metabolic and 
infectious processes, however, there have been infre- 
quent reports of childhood pancreatitis with a dilated 
duet which appeared to be secondary to a congenital 
narrowing of the pancreatic duct at/or near the sphinc- 
ter of Oddi? 3568010 The two patients presented here 
both had histories of recurrent episodes of abdomi- 
nal pain first appearing in childhood. Only many years 
later, in adulthood, were they found to have recurrent, 
acute pancreatitis, for which they were treated surgi- 
cally. Neither patient had gallstones or drank alcohol 
excessively, In both patients there was an almost complete 
stricture of the duct of Wirsung at the duodenum 
with a grossly dilated pancreatic duct behind the stric- 
ture. 

While congenital stricture of the papilla has been 
reported to be a cause of recurrent biliary symptoms 
due to biliary hypertension, we have not heard before 
of a stricture sufficient to produce marked dilatation 
of the pancreatic ductal system behind it. Our reason 
here is to report our two cases of marked dilatation of 
the pancreatic duct behind such a narrowing. 


Case Reports 


Case 1. The first patient, a 22-vear-old woman, Mrs. J. V. (Uni- 
versity Hospital 13-36-19) was admitted to another hospital on 
July 11, 1969 with a chief complaint of abdominal pain. She had 
had recurrent episodes of abdominal pain prior to this time, with 
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no definite diagnosis. The hospital course was one of continued 
abdominal pain with amylase levels ranging from 3 to 15 times 
normal. Because attempts to treat the patient medically had failed 
she was transferred to University Hospital for further evaluation. 
On admission July 23, 1969 she stated that there had been prior 
episodes of similar pain, precipitated by cating, which were 
aborted by refraining from eating solids. | She had had episodes of 
abdominal pain since the age of 4, and had been admitted to the 
Children’s Orthopedic Hospital in Seattle at the ages of 7 and 11 
with undiagnosed abdominal pain. At the age of 16 she was ad- 
mitted te the Doctors Hospital in Seattle with a sudden epigastric 
pain which was believed to be caused by pancreatitis but there 
was no elevation of amylase. She was admitted twice to a hospi- 
tal in California with severe abdominal pains. On neither of these 
occasions did she have elevations of amylase. She had had three 
upper gastrointestinal X-ray studies, five of the gallbladder and 
three barium enemas X-ray all of which were reported to be 
normal. Her parents on both sides of the family had strong histories 
of gallstones. 

The physical examination at University Hospital was essentially 
negative except that she had lesions on both lower legs, one of 
which, en biopsy, showed fat necrosis. Further attempts at medical 
therapy were unsuccessful, Her blood amylase level remained at 
approximately eight times greater than normal. At surgical ex- 
ploration July 31, 1969 she had a tremendous amount of inflamma- 
tion and fat necroses around the pancreas. A 2 cm. pancreatic 
duct could be readily palpated along the anterior surface of the 
pancreas. The gallbladder was very much inflamed, vet the com- 
mon bile duct was of normal diameter. Because, we initially 
thought that the entire process might be secondary to biliary dis- 
ease, first, we performed a cholecystectomy and manometric 
cholangiograms. She had elevated intrabiliary pressures, approxi- 

mately 26 cm. of water (normal 0-16). For this reason, the duo- 
denum was opened and a 2 cm. sphincteroplasty was carried out. 
Pancreatograms showed the great dilatation of the pancreatic 
ductal svstem (Fig. 1). An attempt to perform a sphincteroplasty 
up to t the point of obstruction just to the right of the spine was 
unsuccessful. For this reason the anterior wall of the pancreas was 


194 


g 


e Vol. 178 * No. 2 





m 


Fic. 1. Pancreatogram shows the great dilatation of the pancreatic 
ductal system. 


incised. A probe which was passed into the duct entered the 
duodenum about 2 cm. above the entrance of the bile duct at 
the papilla of Santorini. Since it was clear that the dilated duct 
stopped immediately against the duodenum, we also performed 
a 15 mm. sphincteroplasty on this papilla. The biopsy specimen of 
this papilla showed chronic inflammation. We felt that the pan- 
creas could be drained adequately by this procedure alone. The 
patient appeared to do very well and was discharged on the 
sixteenth postoperative day. 

Unfortunately, she continued to complain of nausea and gas 
pains in both flanks. When she was readmitted on October 6, 
1969, she was febrile, tender in the left upper quadrant, and ap- 
peared to have developed an intra-abdominal abscess. At a second 
operation on October 19, 1969, the patient was noted to have a 
pancreatic abscess containing coagulase positive staphylococci in 
the left upper quadrant which was adherent to the posterior aspect 
of the stomach, the spleen, and the mesocolon. The spleen and 
the entire inflammatory mass of pancreas were resected over to 


Fic. 2. Enormous dilata- 
tion of the entire ductal 
system, 
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the aorta. The pancreatic duct was then opened longitudinally 4 
cm. and anastomosed by a side-to-side anastomosis to a Roux-Y 
loop of the jejunum. The patient tolerated this procedure well and 
was discharged from hospital again 2 weeks later. The patient 
had a pancreatic fistula which closed spontaneously 3 months 
later. Following this, she had a number of suture sinuses. She is 
completely asymptomatic in April 1973. 


Case 2. Mrs. E.B. (Swedish Hospital 094-16-1673; University 
Hospital 00-18-78) had history of epigastric pain dating to 4 or 
5 years af age. She did not relate the epigastric distress to eating 
until the age of 16, At 42 years of age her problem was diagnosed 
to be a very mild ulcerative colitis. She continued to have mild 
attacks of abdominal pain and diarrhea until pancreatic calcifica- 
tions were noted in 1968 at 50 years of age. At that time she began 
to develop intermittent mild jaundice. On physical examination a 
tender epigastric mass was noted which was thought to be caused 
by pancreatitis. She was admitted on two further occasions to 
Swedish Hospital for possible acute attacks of pancreatitis. Dur- 
ing this period it was found that both her father and her paternal 
grandmother had had similar symptoms and signs and calcification 
since childhood but that no operative or autopsy diagnosis had 
been made to confirm the diagnosis of a similar problem. 

Finally, the disease process became so acute that a laparotomy 
was performed at the Swedish Hospital on February 19, 1970, 
when she was 52 years old. At that time the pancreas was enorm- 
ously inflamed with fat necrosis throughout. The pancreatic duct 
was dilated to approximately 2 cm. throughout its length. There 
were numerous stones within the pancreatic duct and the branches 
thereof. There was an enormous amount of edema of the tissues 
around the portal triad with an enlarged gallbladder. After the 
gastrocolic ligament was opened turbid fluid could: be aspirated 
from the pancreas. This was replaced with 50% Hypaque and 
X-rays were taken which showed an enormous dilatation of the 
whole ductal system (Fig. 2). The duct was then opened with cau- 
tery and scissors throughout its length. A Roux-Y loop was con- 
structed and sutured for approximately 18 cm. along the anterior 
surface of the pancreas. At this time the inflammatory process in 
the left upper quadrant was so great that it was decided to do 
nothing to that area. The patient did reasonably well for several 
weeks until on April 3, 1970, she developed a severe gastroin- 
testinal hemorrhage which appeared to be caused by a duodenal 
ulcer. After two transfusions there was significant improvement. 

The patient appeared to be well for several months and then 





Fic. 3. Fistulous tract extends from the abscess cavity through 
and inward to. connect with the pancreatic ductal system. 
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®uddenly she developed a feeling of fullness in the upper abdomen, 
X-rays showed that the stomach was pushed anteriorly and to 
the right. On October 21, 1970 an 18 em. mass in the left upper 
quadrant was drained of extremely foul smelling purulent material 
containing anaerobic streptococcus, The cystic area was first 
aspirated with a needle then with a trocar of about 450 cc. of 
purulent material. A large pezzar catheter was brought out through 
the abdominal wall of the surface and the cyst aaa to the 
abdominal wall. The patient improved at first and then again 
developed chills and fever. X-rays through the catheter show ed a 
fistulous tract extending an the abscess cavity through and on 
inward to connect with the pancreatic ductal system (Fig. 3). 
Because of the severe inflammatory nature of the problem, first 
she was treated with antibiotics. Finally, on November 17, 1970, 
the fistulous tract from the abdominal wall was dissected down to 
the tail of the pancreas and the spleen and pancreas were re- 
sected to about 2 cm. from the aorta approximately flush with the 
left end of the previously constructed pancreaticojejunostomy. The 
left upper quadrant was then irrigated with 500 ml. saline contain- 
ing 1 gm of Keflin. Three large split drains were left in this area. 
She then developed a sinus tract from the upper quadrant of 
the abdomen which was very resistant to treatment and required 
redrainage of the abscess and excision of sinus tracts in June, Oc- 
tober and November, 1971. In April 1973 she is asymptomatic. 


Discussion 


In a recent article by Boyden et al.’ on congenital 
duodenal obstruction, a number of significant new details 
were added. They point out that “a state of temporary 
interruption of the duodenal lumen passes progressively 
downward through the entire duodenum between the 
“thirtieth and fiftieth days of gestation. The epithelium, 
starting to grow while surrounding mesenchymal walls 
are still narrow, fills or partially fills the lumen with its 
proliferating cells. Then the central core of cells is 
progressively loosened by vacuoles arising between the 
core and the future definitive epithelial wall. Coales- 
cence of vacuoles at first produces two parallel channels. 
Into each of these the bile and accessory pancreatic 
ducts acquire openings. The presence of these four 
orifices mechanically delays the formation of the main 
channel, producing a traffic jam. If a given segment re- 
mains solidly epithelial for a critical period, it will be 
resorbed and replaced by mesenchyma and its derivative 
tissues. Partial blocking r of channels may result in stenosis 
instead of atresia,” either of the duodenum, the bile 
ducts, or the pancreatic ducts. In any case the process 
appears to be secondary in these instances either 
to the process within the duodenum itsclf, or to non- 
completion of vacuolization of the pancreatic duct as 
it buds from the ventral pancreas. 

Conversely hypertrophy of the sphincter of Oddi 
may have been the original cause of difficulty in these 
two patients.t The close application of the distorted dis- 
tal duct to the duodenum makes this possible although 
not clear cut. 

As far as the diagnosis is concerned it is one which 
will be made largely by accident, when the patient 
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develops an attack of acute pancreatitis, or as in the 
second patient, when the patient develops calcification 
of the pancreas. The clinical treatment of these patients 
is complicated because their pancreases are functional 
rather than fibrotic as in the usual case of chronic 
pancreatitis, with a dilated duct and leak pancreatic 
juice into the operative area during the postoperative 
period, which can cause cyst formation, abscesses, or 
fistulas. Our experience and that of others in the treat- 
ment of patients with a normally functioning islet cell 
tumor has been fraught with a nearly 50% rate of pan- 
creatic cysts, fistulas, and abscesses secondary to infec- 
tion of pancreatic juice which has spilled into the sur- 
rounding tissues. We have not, as yet, found a method of 
preventing this leakage and abscess formation. It prob- 
ably would have been better in each of these two cases 
to resect the spleen and left half of the pancreas early 
in the course of the disease, but this might have pro- 
duced excessive hemorrhage and, indeed, death. 


Summary 


Congenital obstruction of the pancreatic duct at the 
duodenum was found in two adults, 22 and 52 years old. 
Both had been complaining of intermittent abdominal 
pain since early childhood. One had a parent and grand- 
parent in whom calcification occurred after a similar 
course. In neither instance was the cause of pain dis- 
covered until the patients developed an attack of acute 
pancreatitis. Both were treated by resection of the tail 
of the pancreas and pancreaticojejuostomy with sub- 
sidence of symptoms and signs. 
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Preoperative Endoscopic Cannulation of 


Pancreatic and Biliary Ducts 


MICHAEL KOZOWER, RICHARD A. NORTON, ROBERT E. PAUL, JR, 
KARIM A. FAWAZ, HARRY H. MILLER, ALAN H. ROBBINS, ELIHU M. SCHIMMEL, 


HE SURGEON who is planning to operate on a patient 
To jaundice or pancreatice disease needs precise 
anatomical information regarding the nature of any ab- 
normality present. Within the last few years, endoscopic 
retrograde cannulation of the papilla of Vater has been 
developed as a nonoperative method for the study of 
the pancreatic and biliary duct systems.?458911 This 
report summarizes our experience with the technic in a 
7-month period. 


Methods and Materials 


Between November 12, 1971 and May 31, 1972, 16 
patients with jaundice and clinical symptoms of biliary 
tract obstruction and one patient with suspected pan- 
creatic carcinoma were referred to us for endoscopic 
cannulation. 

The endoscopic method involves passing a Teflon 
cannula 1.7 mm. in external diameter through an Olym- 
pus JFB duodenoscope into the papilla of Vater, and 
with injection of 60% meglumine diatrizoate, appropriate 
ductograms can be obtained. Details of the procedure 
have been previously described.*: ® 


Results 


Table 1 summarizes the endoscopic and final diagnoses 
in this group of 17 patients. Thirteen patients underwent 
exploratory surgery following the procedure. In nine of 
these patients the endoscopic diagnosis was shown to be 
correct. In the one patient suspected of having pancreatic 
carcinoma, changes on the pancreatic ductogram sus- 
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picious of malignancy were due to peripancreatic fibro- 
sis following gastric surgery. In three patients the pe 
cedure was a failure. o jf 

In two patients, both with periampullary c carcinoma; _ 
the diagnosis was made by the endoscopist. In one of 
these patients, in addition, a brush cytology of the papil- 
lary area was positive. 

The following two cases show the value of defining 
the anatomic lesion prior to operation. 


Case Reports 


Case 1. A 67-year-old woman weighing 200 pounds underwent 
cholecystectomy for gallstones in 1957, Postoperatively she de- 
veloped pancreatitis. Since then she has fod recurrent episodes of 
abdominal pain and jaundice. An intravenous cholangiogram one 
year ago was negative. She again developed upper abdominal 
pain and jaundice 2 weeks before the cannulation procedure, Fig- 
ure 1 shows the retrograde cholangiogram and pancreatogram with 
a dilated pancreatic duct and a dilated common bile duct centain- 
ing two stones. 

Comment: In this patient, because of her obesity 
and previous surgery, the demonstration of the abnor- 

malities greatly assisted the surgeon in selecting the type 
of procedure and in limiting the duration of surgery. 
The cystic duct remnant containing gravel was re- 
moved, a sphincteroplasty was performed, and the two 


stones were removed. 

Case 2. A 39-year-old alcoholic had a history of chronic pan- 
creatitis and unde went drainage of a pseudocyst in 1970. He de- 
veloped fever, epigastric pain and jaundice 3 weeks before the 
cannulation procedure. Figure 2 demonstrates both the dilated 
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TABLE 1. 


Number of Final Diagnosis Based 


Endoscopic Diagnosis Patients on Surgery 
Cholelithiasis 1 Same as endoscopic diagnosis 
Common bile duct 

calculi 2 Same 
Pancreatitis compressing 1 Same 
bile duct 
Periampullary carcinoma 2 Same 
Carcinoma of common 2 Same 
bile duct 
Carcinoma of the 2 One same; one patient with 
pancreas peripancreatic fibrosis 
Failures 3 One patient each with 
cholelithiasis, pancreatic 
carcinoma; and gallbladder 
carcinoma 
Normal biliary and/or 4 Final diagnosis based on liver 


biopsy and clinical course: 
One patient each with drug 
hepatitis, primary biliary 
cirrhosis; cholangitis second- 
ary to pancreatitis; and 
cholangitis 


pancreatic tree 
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Fic. 1. Retrograde study and illustration showing a dilated com- 
mon bile duct with two calculi in the distal duct and a dilated 
pancreatic duct. 
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common bile duct with a distal inflammatory stricture and a 
segmentally dilated and narrowed pancreatic duct communicating 
with a pseudocyst containing multiple calculi. 

Comment: In this patient, demonstration of the ex- 
tensive abnormalities within the pancreas assisted the 
surgeons in selecting a choledochojejunostomy bypass 
as the procedure with the least mortality and morbidity. 
The patient has had an uncomplicated recovery. 

In four other patients, cannulation of the biliary tree 
demonstrated no obstruction. This group was then fur- 
ther evaluated with percutaneous liver biopsies. The 
final diagnoses in this group are summarized in Table 1. 

The advantages of being able to avoid operation are 


illustrated by the third case report. 

Case 3. A 47-year-old man had rheumatic heart disease and a 
history of congestive heart failure. A cholecystectomy for gall- 
stones was performed in 1970. He had episodes of right upper 
abdominal pain for 3 months, and developed jaundice and pruritus 
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Fic. 2. Retrograde study and illustration demonstrating a dilated 
common bile duct with a distal inflammatory stricture. The pan- 
creatic duct is dilated with areas of stricture. A pseudocyst with 
calculi communicates with this duct. 
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3 weeks before the cannulation procedure. At cannulation a nor- 
mal common bile duct and biliary tree were demonstrated. 

Comment: This man was thought to have choledo- 
cholithiasis in view of his history and previous opera- 
tion, Following the demonstration of a normal biliary 
tree, a liver biopsy showed cholestasis and focal cell 
necrosis, This was felt to be compatible with a drug 
reaction secondary to thiazides. Without the cannulation 
procedure, he would have required laparotomy or trans- 
hepatic cholangiography to exclude extrahepatic biliary 
obstruction, and the risks of operation would have been 
increased by the underlying heart disease.’ 

The complications encountered were fever in two 
patients with a demonstrated biliary tract obstruction. 
Ascending cholangitis was documented in one of these 
patients. Elevations in serum amylase levels were noted 
in three patients with peak amylase elevations of 500, 
1000, 1300 Somogyi units respectively. In none, however, 
was the amylase elevation associated with clinical pan- 
creatitis. 


Discussion 


There are several advantages of preoperative cannula- 
tion. First, a patient with jaundice may prove to have 
no biliary tract obstruction, and he may then be man- 
aged medically. Percutaneous needle liver biopsy may 
also be performed more safely when the increased 
risk of bile peritonitis is known to be absent. Also, such 
a patient is spared the risk of general anesthesia and 
operation.’ 

Second, knowing the nature of a mechanical obstruc- 
tion helps in the choice of the appropriate surgical 
procedure. Cases 1 and 2 amply demonstrate this. 

Cannulation of the papilla of Vater offers several 
advantages over transhepatic cholangiography’ or the 
“mini-lap.”!® First, it does not constitute an operation 
or commit the patient to a surgical procedure. Second, 
it is the only nonoperative method of visualizing the 
pancreatic duct system. Third, its success rate is 
independent of whether or not the biliary tree is dilated. 
Fourth, the complications of bile peritonitis and intra- 
abdominal hemorrhage are not encountered. 

Complications we have seen with cannulation have 
been few: fever and bacteremia in patients with biliary 
obstruction, and elevated levels of serum amylase with- 
out clinical pancreatitis. 


Summary 


Preoperative study of the pancreatic and biliary tracts 
by means of endoscopic cannulation of the papilla of 
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Vater was attempted in 17 patients with jaundicé 
or with suspected pancreatic carcinoma. In four patients 
surgical intervention was shown to be unnecessary. 
The remaining 13 patients underwent exploratory sur- 
gery; the endoscopic procedure failed to provide a cor- 
rect diagnosis in only four of these patients, Cannulation 
of the papilla of Vater not only differentiated between 
surgical and medical jaundice, but also allowed the 
surgeon to determine the nature of the anatomical 
obstruction prior to operation. 
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Rupture of the Common Duct and Ampulla of Vater 


Due to Blunt Trauma 


NICHOLAS A. BALSANO, M.D., BENEDICT M. REYNOLDS, M.D., F.A.CS. 


upturE of the extrahepatic bile ducts from non- 
penetrating trauma is an infrequently encountered 
condition which will tax the ingenuity of the surgeon. Our 
purpose here is to describe these unique injuries and to 
outline appropriate methods of management. 
The complexity of these injuries is increased by the 
degree of involvement of the duodenal wall and the 


s 


main pancreatic duct. The injuries that include the 
ampullary area are rare, and therefore require special 
consideration. The following two cases demonstrate 
specific injuries to the two major areas of the intra- 
duodenal portion of the common and pancreatic ducts. 


Report of Cases 


Case 1. A 21-year-old man was admitted to the 95th Evacua- 
tion Hospital, DaNang, South Vietnam after he had been crushed 
between two vehicles. On admission the patient complained of 
generalized abdominal and bilateral flank pain. Physical examina- 
tion revealed an alert, well developed, well nourished man. Blood 
pressure was 90/60 mm. Hg, pulse 110~120/min., respiration 
20/min. Positive findings were limited to the abdomen where 
there was generalized tenderness, rigidity and rebound in all 
quadrants, bowel sounds were absent, exquisite suprapubic ten- 
derness and bilateral costovertebral angle (CVA) pain. Two large 
bore intravenous catheters were inserted in both upper extremities. 
Central venous pressure (CVP) monitor, via direct puncture of 
the subclavian vein, showed an initial pressure of 4 cm H:O. 
Insertion of a Foley catheter revealed grossly bloody urine. Initial 
laboratory data showed Het 34%, WBC 12,000/mm.* Chest X-ray 
was negative, flat plate of abdomen revealed adynamic ileus. 
Pelvic X-ray showed bilateral fractures of the superior and inferior 
rami of the pubis. Intravenous pyelogram (IVP) and cystogram 
were unremarkable. 

Approximately 90 minutes after admission an exploratory 
laparotomy through a midline abdominal incision was performed 
under general endotracheal anesthesia, The findings at laparotomy 
were a superficial laceration of the upper pole of the left kidney, 
a hematoma of the mesentery of the small bowel, and a transec- 
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tion of the common bile duct at the duodenal wall. The defect 
in the doudenal wall was approximately 2 x 2.5 cm. The ampulla 
could not be adequately identified nor explored through the 
duodenal defect. Through a separate anterior duodenotomy 2 cm. 
in length, adequate exploration of the ampulla revealed transection 
of the intramural portion of the choledochus. Figure 1 demon- 
strates the area of injury to the common duct and its relationship 
to the duodenal wall. The level of injury is at the label of the 
common duct. The pancreatic catheter was placed to prevent injury 
to the pancreatic duct; the defect in the duodenum was debrided 
and closed in two layers. The pancreatic catheter was removed 
and the anterior duodenostomy was closed in two layers. A pri- 
mary choledochoduodenostomy was performed to the first portion 
of the duodenum end-to-side over a #10 soft French rubber 
catheter inserted through a proximal choledochotomy. The post- 
operative course was unremarkable. The catheter was removed on 
the 30th postoperative day. 

Case 2. A 30-year-old Vietnamese Captain who was pinned 
beneath an overturned jeep for approximately 60 minutes, entered 
the 95th Evacuation Hospital, DaNang, South Vietnam. On ad- 
mission the patient complained of generalized abdominal pain. 
Physical examination showed a fully alert male, oriented as to 
time and place. Blood pressure was 110/60 mm. Hg, pulse 110/ 
min. regular, respiration 20/min. regular. Positive physical find- 
ings were limited to the abdomen in which there was generalized 
abdominal pain and rigidity throughout all quadrants; bowel 
sounds were absent. Bilateral CVA pain was noted on percussion. 
Two large bore intravenous catheters were inserted in both upper 
extremities. A CVP monitor via subclavian vein showed an initial 
pressure of 6 cm. H.O. Insertion of a Foley catheter revealed 
clear urine, Initial laboratory data showed Het 36%, WBC 8,000. 
Chest X-ray and flat film of abdomen were negative. IVP was 
within normal limits. Diagnosis of rupture of intra-abdominal 
viscus was made and an exploratory laparotomy through a mid- 
line abdominal incision was performed. At laparotomy, transections 
of the common and pancreatic ducts were noted from their duo- 
denal attachments with a 2 cm. tear in the posterior duodenal 
wall. Figure 1 demonstrates the site of injury to the confluence of 
ducts labeled CD and pancreatic duct (PD). A pulpy hematoma 
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Fic. 1, Photomicrograph demonstrating the confluence of ducts at the ampulla of Vater and their proximity to the duodenal 


wall. 
Sph = sphincter P = pancreas CD = common duct 
A = ampulla DW = duodenal wall PD = pancreatic duct 


of the head of the pancreas made the pancreatic duct orifice im- 
possible to identify. Therefore, the pancreas was electively 
transected over the mesenteric vessels at its superior margin. The 
major pancreatic duct was identified and opened. The pancreatic 
duct was cannulated and the torn main ductal orifice was identi- 
fied in the hematoma and suture ligated (Figs. 2 and 3). The 
main pancreatic duct drained proximally and distally with a 
Roux-en-Y loop of jejunum. A primary choledochoduodenostomy 
to the first portion of the duodenum end-to-side, over a #10 soft 
French rubber catheter inserted through a proximal choledochot- 
omy, was performed followed by two-layer closure of the 
lacerated duodenum (Fig. 3). The postoperative course was un- 
remarkable. The French catheter was removed 30 days post- 
operatively. Upper GI series 3 months post-injury showed patency 
of the choledochoduodenostomy. 


Discussion 


Rupture of the extrahepatic bile ducts caused by 
blunt trauma is rare. The cause of the rupture of the 
bile passage is nearly always crushing trauma to the 
right hypochondrial region and especially the right 


costal margins. This syndrome was first recognized by 


Fizeau,® Mason et al.,!* Fletcher et al.5 and Hinshaw 
et al.” Although injuries to both common and pancreatic 
ducts are mentioned by Maingot,'! White and Sander- 
son,” Ehrlick and Howard,’ no case report describing 
this as an isolated injury from blunt trauma has been 
previously reported. 

Total transection of the duct can be repaired by pri- 
mary end-to-end anastomosis, primary choledochoduo- 
denostomy or Roux-en-Y choledochojejunostomy. Injuries 
to the common bile duct together with or in the vicinity 
of the main pancreatic duct are the most severe and 
present the most challenging clinical problem. Search of 
the literature revealed 12 previously reported cases of 
complete transection of the common duct at the junction 
with the duodenum from blunt trauma.2:5:87-9:10.12,13,14,17 
Lysaght,’” performed cholecystogastrostomy and Mast 
and Oz,'% performed choledochoduodenostomy while 
Hinshaw, Turner and Carter,” performed a loop choled- 
ochojejunostomy and jejunojenostomy for this lesion. 
Tolins,’’ located the distal severed common duct through 
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Transected common bile and pancreatic ducts at the 
ampulla of Vater. Elective transections of the pancreas with can- 
nulation of the transected major pancreatic duct. 


duodenostomy with retrograde probing through the am- 
pulla of Vater and thus was able to perform direct duct- 
to-duct anastomosis. 

The authors feel strongly that insufficient attention 
has been given to the pancreatic duct in this injury. 
With complete intramural transection of the common 
bile duct as presented in the first case report, identifica- 
tion of the pancreatic duct is imperative. Separate duo- 
denotomy may be necessary on the anterior surface 
of the duodenum to identify the pancreatic duct orifice 
and facilitate debridement and closure of the duodenal 
wall at the site of choledochal rupture. With the pan- 
creatic duct cannulated during repair of the defect in 
the duodenal wall, the likelihood of iatrogenic injury to 
the duct is minimized. When injuries to the main pan- 
creatic duct occur and remain unrecognized, any of the 
grave complication of peritonitis, pancreatic abscess, 
subphrenic abscess, external pancreatic fistula or pseudo- 
cyst formation may follow. 

The second case reported total transection of both 
the common bile and pancreatic ducts at the ampulla. 
The pulpy hematoma of the head of the pancreas 
make adequate identification of the main pancreatic 
duct difficult or impossible. Recent literature indicates 
an increasing ipterest in the treatment of pancreati- 
coduodenal wounds by pancreatoduodenectomy.’:!°"* 
Under certain circumstances this may be the best 
method of handling the problem, but alternative con- 
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servative approaches should be undertaken whenever 
feasible.’® In the second case report the pancreatic injury 
was localized to the head. The main ductal orifice 
could not be identified and the pancreas was therefore 
electively transected at its neck at the region of the 
mesenteric vessels and the pancreatic duct was identified. 
A probe was passed into the main duct toward its orifice 
and the severed duct was identified and suture ligated. 
A distal reconstruction by a Roux-en-Y loop of jejunum 
was performed to the ends of the divided pancreatic 
duct, Figure 3. A sump drain was placed in the opera- 
tive field. The common duct was reimplanted into 
the first portion of the duodenum and the laceration of 
the duodenal wall was closed in two layers. The pro- 
cedure advocated is the simplest and most conservative 
approach in treating combined common and pancreatic 
duct injuries. By transecting the pancreas to identify 
the duct when it cannot be otherwise identified, we 
hope to maintain the mortality rate at a low level while 
preserving pancreatic tissue and preventing significant 
sequela. This method enables control of the severed 
duct and a ductal-intestinal anastomosis in a non- 


traumatized area. 
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Fic. 3. Diagrammatic sketch of operative procedure. Ligation of 
the transected proximal pancreatic duct, choledochoduodenostomy 
and drainage of the proximal and distal pancreatic segments by a 
Roux-en-Y pancreaticojejunostomy and closure of the duodenal 
laceration. 
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Summary 


Two cases which demonstrate specific injuries at 
the intraduodenal portion of the choledochus and the 
ampulla of Vater due to blunt trauma were reported. 
The first case involved transection of the intramural 
portion of the common duct. At this level, exploration of 
the ampulla to identify the pancreatic duct is imperative 
to avoid ductal stenosis or occlusion during repair of 
the duodenal wall. 

The second case presented involved avulsion of both 
the common bile and pancreatic ducts. A pulpy hematoma 
of the head of the pancreas made identification of avulsed 
main pancreatic duct difficult. A procedure of elective 
transection of the pancreas at the neck with identifica- 
tion of the main duct and ligation of the avulsed duct is 
then performed. The necessary ductal intestinal anasto- 
mosis is then completed at the level of pancreatic transec- 





tion—an area removed from the site of injury. 
The major hazard in these unusual injuries relates 


to the level of avulsion and the involvement of the main 
pancreatic duct. These cases illustrate the necessary 
steps of pancreatic ductal identification and drainage 
of external pancreatic secretion that are essential 
the successful management of these complex injuries. 
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Effects of Parietal Cell Vagotomy on Acid and Pepsin 


Secretion in Gastric Fistula Dogs 


ARI KAYNAN, M.D., GUR BEN-ARI, M.D., ALLAN E. KARK, M.D., 


ELECTIVE VAGOTOMY of the oxyntic gland area of the 
S stomach (parietal cell vagotomy, highly selective 
vagotomy) has been advocated for the surgical manage- 
ment of duodenal ulceration. 215182344 In this procedure 
the vagal innervation to the antrum and pylorus remains 
intact, allowing normal gastric emptying; a drainage 
procedure is unnecessary. Theoretically, this should de- 
| ‘créase the incidence of postoperative dumping syndrome. 
Although preliminary clinical results have been encour- 
aging,?- 51828 a disturbing feature has been the fact that 
acid secretion from Heidenhain pouches in response to 
feeding is increased by this procedure.) 

The present study was undertaken to determine the 
effects of parietal cell vagotomy and subsequent truncal 
vagotomy on gastrin-, histamine-, and vagally-stimulated 
acid and pepsin output in the intact canine stomach. 


Methods 


Surgical Procedures 


Five mongrel dogs of 18-23 Kg. wei ght were prepared 
with gastric fistulas. A Thomas cannula®? was placed in 
the corpus of the stomach proximal to the antrum- 
corpus junction and brought out through the abdominal 
wall in the midline. Secretory tests were commenced not 
less than 4 weeks after operation. 

Following completion of the control observations, the 
dogs were subjected to parietal cell vagotomy’ of both 
the anterior and posterior vagus nerves. Denervation of 
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the stomach was continued distally to 1 cm beyond the 
antrum-corpus junction, which was determined in initial 
experiments by the colorimetric method of Moe and 
Klopper.*4 A ring dissection of the esophagus was ef- 
fected to ensure complete denervation of the corpus, 
Only the branches to the antrum and pylorus as well as 
the extragastric vagi remained intact. Secretory tests were 
started 3 to 4 weeks later. 

At a subsequent operation transthoracic vagotomy 
was performed through the lower left chest; at this point 
three major trunks are always seen in the dog. Four 
weeks later the secretory tests were again repeated. 

A gastric drainage procedure was not performed at 
any stage since this would introduce a variable. Further- 
more, drainage procedures, especially gastroenterostomy, 
have been shown to increase secretion in the dog.” 


Secretory Stimulants 


Three types of secretory stimulants were used: 

1. Pentagastrin, the C-terminal pentapeptide of gas- 
trin (Peptavlon, Ayerst Laboratories, New York) in doses 
of 0.75, 1.5, 3.0, 6.0, and 12.0 ug/Kg.-hr by continuous 
intravenous infusion. 

2. Histamine acid phosphate in doses of 0.25, 0.5, 1.0, 
2.0, and 4.0 ug base/Kg.-min. by intravenous infusion. 

3. 2-deoxy-d-glucose 100 mg./Kg. intravenously over 
10 minutes. This produces a central nervous cytogluco- 
penia resulting in vagal stimulation. 

Experimental Procedures. Experiments were con- 
ducted in the conscious state when the animals had been 
deprived of food for at least 18 hours. Each animal was 
used not more than two or three times a week, and never 
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on successive days. A continuous infusion of 0.9% saline 
was maintained throughout the experiment to allow for 
fluid losses. After a 60-minute basal collection, infusion of 
the stimulant was started. In all studies the drugs were 
diluted with 0.9% saline and infused intrav enously with 
a Harvard constant infusion pump. Secretion was col- 
lected in 10-minute samples for an hour during each dose, 
allowing for a plateau of secretion at each dose level, 
and the last three samples were analyzed for acid and 
pepsin content. In the 2-deoxy-d-glucose experiments, 
secretion was collected at 10-minute intervals for 2 hours; 
acid and pepsin were determined in all samples. Ad- 
ministration of the secretory stimulants and of the various 
doses was randomized; at least three experiments were 

carried out in every dog with each dose of each stimulant 
at all stages. Not all doses were used on any 1 dav to 
minimize the possibility of exhaustion. 

The volume of gastric secretion was measured in each 
specimen to the nearest 0.1 ml. Individual samples were 
analvzed for acid and pepsin. Titratable acidity was de- 
termined by titration to pH 7.0 with a Radiometer pH- 
stat titrator. Pepsin secretion was measured as total 
peptic activity at pH 2.1, using a modification of Hunt's 
method!*® with bovine serum albumin substrate, one 
Hunt unit being equivalent to the peptic activity of 3 
ug/ml. of ervstallne pepsin (Mann Research Labora- 
tories, New York). 

Results are expressed as microequivalents (or units) 
per minute for pentagastrin and histamine, or milli- 
equivalents (or units) per 10 minutes for 2-deoxy-d-glu- 
cose. Statistical significance was determined by the Stu- 
dent’s t test.® 


Results 


Secretion of Acid 


Pentagastrin (Fig. 1). Denervation of the oxyntic 
gland area resulted in reduction of the response to sub- 
maximal and maximal doses of pentagastrin (p < 0.05). 
When a greater than maximal dose of pentagastrin was 
administered, the peak acid output could not be re- 
stored to the prevagotomy levels. Conversion to a truncal 
vagotomy caused no further decrease in acid output. In 
fact, acid output at all doses was higher than for parietal 
cell vagotomy, falling between control and parietal cell 

vagotomy values (p < 0.05) (Table 1). 

Histamine (Fig. 2). The output of acid in response to 
submaximal and maximal doses of histamine was re- 
duced by parietal cell vagotomy. A larger than maximal 
dose of histamine restored the peak acid output to 
control levels obtained with the innervated stomach. In 
other words, a parallel shift to the right in the dose re- 
sponse curve was obtained for histamine. After truncal 
vagotomy, the acid output at all doses was slightly higher 
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Fic. 1. Effects of parietal cell vagotomy and truncal vagotomy on 
acid output expressed as ~«Eq/min. in response to graded doses of 
pentagastrin. In this and in subsequent figures, closed circles refer 
to control, open circles to parietal cell vagotomy, and crosses to 
truncal vagotomy. Each point refers to Mean + Standard Devia- 
tion. 


than for parietal cell vagotomy, but this was not statis- 
tically significant (p > 0.2). 

2-deoxy-d-glucose. Parietal cell vagotomy decreased 
the acid output in response to 2-deoxy-d-glucose by 85%. $ 
The most striking change was in the peak 10-minute” - 
acid output (Fig. 3), but Ahere was a definite response tos 

vagal stimulation. Using either the criteria of Hollander” 

or of Bachrach? it was found that all the animals had an 
incomplete vagotomy. When retested after truncal vago- 
tomy, four of the five animals were deemed to have a 
complete vagotomy. Nevertheless, the peak acid output 
was not significantly different from the parietal cell 
vagotomy. 


Secretion of Pepsin 


The effects on pepsin output in response to all three 
stimuli were striking. In the contro] experiments penta- 


TABLE 1. Summary Comparing Effects of Parietal Cell Vagotomy 
and Truncal Vagotomy on Acid and Pepsin Secretion 
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Stimulant maximal Maximal maximal Maximal 
Pentagastrin 
Acid Decreased Decreased Decreased Decreased 
(PECVD (<PEV} 
Pepsin Decreased Decreased Decreased Decreased 
Histamine 
Acid Decreased No Change Decreased No Change 
Pepsin Decreased Decreased Decreased Decreased 
2-deoxy-d-glucose 
Acid Decreased Decreased 
Pepsin Decreased Decreased 
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“gastrin (Fig. 4) was a more potent stimulant of pepsin 
secretion than was histamine (Fig. 5). Peak pepsin 
output was achieved with doses lower than those re- 
quired for eliciting peak acid output. Both parietal cell 
vagotomy and subsequent truncal vagotomy markedly 
`. reduced pepsin output equally at all doses. Pepsin out- 
put was constant after vagotomy regardless of the dose 
of pentagastrin used. Both types of vagotomy reduced the 
pepsin responses to histamine equally. The percentage 
reduction was less than that for pentagastrin but the 
control values were lower for histamine. 

Of the three agents used, 2-deoxy-d-glucose was the 
most potent stimulant of pepsin secretion. Pepsin output 
was virtually abolished by parietal cell vagotomy and 
by truncal vagotomy (Fig. 3). All animals were equally 
affected. Even the animals in whom a positive acid re- 
sponse was obtained did not secrete a significant amount 
of pepsin in response to vagal stimulation. In other words, 
although the vagotomies might have been interpreted 
as incomplete when applied to acid output, they were 
complete when applied to pepsin output. 


Discussion 


The present study clearly demonstrates that parietal 
cell vagotomy reduces acid output from gastric fistulas 
in the dog; This is in sharp contrast to acid output from 
Heidenhain pouches in response to feeding.! It has also 
__ been shown that the acid response to feeding is increased 
- , by truncal vagotomy’:*82 or by extragastric vagotomy.” 


. , 20,2280 The reduction in acid output from the gastric 


` fistula dog is in agreement with the findings of Emas and 
Grossman? for truncal vagotomy and Stening and Gross- 
man?! for selective gastric vagotomy. The effects on his- 
tamine stimulated secretion in the dog represents a 
parallel shift to the right in the dose response curve for 
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before and after parietal cell and truncal vagotomy. Acid output 
is expressed as mEq/10 min. 


histamine, so that the maximal acid secretory response is 
unaltered but a larger dose of histamine is required to 
attain that maximal response. This indicates that the ef- 
ficacy of histamine is not altered but that vagotomy 
(parietal or truncal) decreases the affinity of the recep- 
tors (involved in acid secretion) for histamine. 

It is of interest that parietal cell vagotomy and truncal 
vagotomy reduced acid responses to histamine equally, 
yet parietal cell vagotomy significantly reduced acid out- 
put in response to pentagastrin to a greater degree than 
did truncal vagotomy, Similar results were obtained by 
Stening and Grossman?! who performed selective gastric 
vagotomy (preserving only the extragastric fibers) and 
followed this with a truncal vagotomy. This suggests that 
there may be a vagally mediated inhibitory reflex operat- 
ing from the antrum and/or extragastric sources to the 
oxyntic glands, If so, this reflex would affect only gastrin 
stimulated secretion. However, there is no direct evidence 
for such a reflex. It is tempting to implicate secretin, 
which inhibits gastrin stimulated acid secretion,’° as the 
mediator, but there is no evidence suggesting that there 
is a vagal release of secretin. 

Experimental studies in dogs have shown that parietal 
cell vagotomy maintains normal gastric emptying,'”” 
protects the stomach against histamine induced ulcera- 
tion!" yet increases secretion from Heidenhain pouches." 
Our studies on the other hand, clearly show a reduction 
in acid output. The results depend on the type of prepar- 
ation studied since both parietal cell vagotomy and trun- 
cal vagotomy reduce acid output from gastric fistulas, 
yet both types increase acid output from Heidenhain 
pouches in response to feeding.”:?%°2 

Reduction of pepsin output was a striking feature of 
both types of vagotomy. The most potent stimulus of 
pepsin secretion is vagal stimulation." It is clear that both 
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types of vagotomy were equally effective in reducing 
pepsin output. In all dogs, the response to vagal stimula- 
tion was virtually abolished. This is in contrast to acid 
output, where all five dogs were considered to have an 
incomplete vagotomy after parietal cell vagotomy. Per- 
haps pepsin secretion should be used as a test for com- 
pleteness of vagotomy of the oxyntic gland area. 

The persistent acid responses following parietal cell 
vagotomy may be due to preservation of vagal innerva- 
tion to the antrum which will result in continuation of 
the vagal release of gastrin. However, the importance (in 
terms of magnitude) of the vagal release of gastrin has 
been questioned,?1 

An unresolved question is the duration of effect of 
parietal cell vagotomy. Incompleteness of vagotomy re- 
mains the most major problem with truncal (or selec- 
tive) vagotomy. Recovery of function and recurrence of 
the ulcer diathesis is a not infrequent occurrence after 
incomplete truncal vagotomy. With parietal cell vagot- 
omy, the stomach is incompletely denervated, although 
complete denervation of the oxyntic gland area is 
achieved. Collateral nerve sprouting from the remaining 
intact vagal fibers? may be a cause of late recovery of 
gastric function following vagotomy. With deliberate in- 
complete vagotomy”? new nerve fibers can be seen run- 
ning parallel to residual degenerating fibers in the wall of 
the stomach, Clark* has demonstrated that as little as 10% 
of vagal fibers remaining after incomplete vagotomy can 
result in a full return of vagal activity after a time. It is 
not clear whether parietal cell vagotomy should be re- 
garded as an incomplete vagotomy in the customary 
sense. Our experiments were carried over a period of 
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only a few months. Long-term studies are necessary td 
clarify this problem. 

A striking feature of our study with parietal cell 
vagotomy was the observation that, although acid out- 
put in response to all stimuli was reduced, there was a 
high rate of incompleteness of vagotomy. This was the 
case whether applying either the original criteria of 
Hollander!* or the more recent criteria of Bachrach. 
Early reports of human studies were enthusiastic about 
the completeness of vagotomy but more recent reports in- 
dicate positive responses to insulin stimulation in excess 
of 30%, 2.34 

Care must be taken in transposing our data to humans 
since there may be a species difference, and several 
aspects must be considered. An increasing number 
of investigators have performed this procedure for duo- 
denal ulceration, claiming good results. It is worth 
emphasizing a few points. Not all duodenal ulcer pa- 
tients are treated with this procedure; only the non- 
stenosing type are considered appropriate. In fact, 
any significant scarring of the duodenum is considered 
a contraindication. In many surgeons opinions this 
would exclude the majority of duodenal ulcers operated 
upon. The addition of a drainage procedure or a resec- 
tion would defeat the purpose of the operation. Reports 
thus far are premature and, although enthusiastic, give 
no true indication of the recurrence rate. In a small series, 
Wastell** has reported a 10% recurrence rate with only 
a 3 to 12 month follow-up. It is not unlikely that the 
recurrence rate will increase with the passage of time. 
A further question to be resolved is whether dumping 
is such a severe problem after vagotomy and drainage; 
certainly the incidence is lower than with subtotal gas- 
trectomy. Moreover, dumping may occur even in the 
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‘absence of gastric surgery. Well-controlled clinical stud- 
ies are necessary to resolve these issues. 


Summary 


The effects of parietal cell vagotomy and truncal 
vagotomy on acid and pepsin secretion were studied in 
five gastric fistula dogs. Parietal cell vagotomy reduced 
acid output to submaximal and maximal doses of penta- 
gastrin; truncal vagotomy had a similar but slightly less 
pronounced effect. Acid responses to submaximal but 
not maximal doses of histamine were equally reduced 
by both types of vagotomy. Pepsin responses were pro- 
foundly suppressed by both. Vagally stimulated acid 
secretion was markedly reduced but not abolished; 
vagally stimulated pepsin secretion was virtually abol- 
ished by parietal cell vagotomy and by truncal vagotomy. 

In sharp contrast to Heidenhain pouch experiments, 
parietal cell vagotomy (and truncal vagotomy) reduce 
acid: and pepsin output. Previous reports of increase in 
acid secretion’ after parietal cell vagotomy must be eval- 
uated “in terms of the type of preparation used. It is also 

‘concluded that pepsin rather than acid responses should 

be used as:a measure of the completeness of parietal cell 

vagotomy. 
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UMEROUS authors in the past have discussed the 
N necessity for grafting procedures between the por- 
tal system and the inferior vena cava.” 1? 15. 18 The need 
usually arises when a side-to-side shunt is indicated but 
is not technically feasible, because there is either a 
prominent hepatic caudate lobe or too great a distance 
between the inferior vena cava and the portal vein. 

Experimental studies in dogs support the concept that 
grafts, whether they are venous or prosthetic, have a high 
patency when employed as portacaval communica- 
tions.+®17 Clinically, 20 cases have been reported in the 
English literature in which venous grafts were used to 
achieve portacaval decompression®:**:1?-44.15.18 (Table 1). 
In addition, two cases in which teflon prostheses?! were 
used and 27 with dacron prostheses** have also been 
reported (Table 2). The patency of these grafting proce- 
dures is listed in the respective tables. 


Clinical Material 


This communication reports our experience with 13 pa- 
tients who underwent portal decompressive “H” type 
shunt utilizing either a segment of autogenous iliac vein 
(two patients) or a wide caliber dacron prothesis (11 pa- 
tients). The series consisted of one woman and 12 men 
ranging in age from 44 to 56 years. 

Table 3 summarizes the preoperative liver function 
studies and general clinical condition prior to operation. 

Based on this data, ten patients were considered to be 
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good candidates for operation while the remaining three 
patients (Cases 2, 7, 8) were classified as poor opera- 
tive risks and were operated upon because. of rapid 
deterioration in their clinical status despite conservative 
therapy. , 

Three patients with respiratory complications, second: =e 
ary to massive ascites, preoperatively underwent auto. 
transfusion of ascitic fluid (Fig. 1). Expansion of their 
plasma volumes resulted in marked diuresis, serum 
sodium loss, increase in serum protein levels, and a 
decrease in the serum aldosterone. 

Massive ascites was the indication for operation in six 
patients and it is to be emphasized that these patients 
all had undergone prolonged trials of conservative ther- 
apy. Seven patients were operated upon because of hem- 
orrhage secondary to ruptured esophageal varices. 
Three of the seven patients underwent operation after 
esophageal balloon tamponade failed to control massive 
variceal hemorrhage. 


Operative Findings 


All 13 patients had portal hypertension as well as 
marked increases in pressure from the intrahepatic por- 
tion of the portal system (Table 4). Intrahepatic hyper- 
tension was demonstrated by manometric recordings 
taken after clamping the splancnhic side of the portal 
vein, The indication for a side-to-side shunt was based 
upon the presence of elevated intrahepatic pressures 
as demonstrated by this technic. 

The necessity for the construction of an “H” type 
shunt was due to an enlarged caudate lobe in seven 
cases, too great a spatial distance between the portal 
vein and the inferior vena cava in four cases, extensive 
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TABLE 1. Clinical Use of Autogenous Venous Grafts to Achieve 





m Portasystemic Decompression 
No. 
Author Material Type Cases Results 

Blakemore, A. H.! Superficial P-C 2 No thrombosis of grafts. 

Femoral Vein Pts. left hospital. 

Reynolds, J. T.» Azygous Vein P-C 2 1 pt. died 10 days post- 
op. of hepatic coma. 
Graft patent at post- 
mortem exam. Other pt. 
did well. 

Theron, P.15 Femoral Vein P-C 4 All pts. left hospital. 

2 pts. alive 2 yr. post- 
op and give angio- 
graphic evidence of 
shunt patency. 

Theron, P.16 Femoral Vein P-C 5 All grafts patent and 
have been studied 
angiographically in 
some cases. 

Forster, E.§ Femoral Vein P.-C 3 Patent at 1 yr. 

Nay, H. R.8 Composite 

Saphenous Vein P-C 1 4 mo. post-op. pt. had 
CVA and died. Graft 
patent at autopsy. 

Rousselot, L. M.'4 Superficial Mesocaval 1 All pts. are alive 3-12 

Femoral Vein Splenorenal 6 mo. post-op. 
Nasseth, D. C.8 Inferior Vena P-C 3 All pts. are alive. 
Cava (2) Saphenous graft clotted 
and had to be replaced 
Saphenous Vein (1) by a mesocaval shunt. 
Present 
Communication Iliac Vein P-C 2 One pt. died 8 mo. 
post-op. Graft patency 
was not determined. 
The other graft throm- 
bosed. 
P-C = portacaval shunt gis 
IW 9 Fic. 1B. Mr. M. A. (Case 1) postoperatively after an “H” type 


portacaval shunt was constructed utilizing a 22 mm. dacron pros- 
thesis. Followup at 14 month reveals no accumulation of ascitic 


fluid. 
scarring of the porta hepatis as a result of previous 
operation in one patient, and a partially thrombosed 
portal vein in one patient. This last patient underwent 
a mesocaval shunt utilizing a 12 mm. dacron prothesis. 
Portacaval shunts were constructed in the remaining 
12 patients—two with autogenous iliac vein and ten 
with wide caliber dacron protheses. 
Surgical Technic 

The following major points are emphasized concern- 


ing technic: (Fig. 2) 








“at aes aes “i TABLE 2. Clinical Experience with Prosthetic Portasystemic Shunts 
No. 
Author Material Type Cases Results 
Dale, W. A.? Teflon P-C 1 Graft patent 2 yr. post- 
op. at angiography 
TE Yeoh, K. S.18 Teflon P-C 1 Initial function good. 
6 mo. post-op. episode 
of hematemesis. 
Nabseth, D. C.8 Dacron P-C 2 Patent 22 mo. post-op. 
at angiography. 
Drapanos, T.? Knitted M-C 25 22 pts. alive at mean 
Dacron follow up of 19 mo. All 
shunts were patent. 
Present Knitted P-C (11) 12 10 pts. alive at average 
Communication Dacron M-C (1) time of 1 yr. No evi- 





dence of shunt occlusion. 





Fic. 1A. Mr. M .A. (Case 1) preoperatively undergoing ascitic 
fluid autotransfusion. 





P-C = portacaval shunt 
M-C = mesocaval shunt 
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TABLE 3. 

Episodes of 

BSP Prothrombin HGB Esophageal 

Cases Albumin Bilirubin VA Time % (Gm.) Ascites Nutrition Hemorrhage 
i. M.A 3.4 1.5 10 60 13.0 massive good 0 
2 W.D 225 5.0 42 50 12.0 moderate fair 1 

responds to 
diuretics 

oy H.F. 3-2 2.0 25 60 10.0 moderate good 2 
4. A. M. Sa 2.0 20 50 8.6 none fair l 
5. J.M. 3.0 252 16.5 50 12.5 massive fair 0 
6. J.O. 3.2 1.2 17 60 11.0 none good t 
To Je: 2.4 25 30 40 10.0 massive poor 0 
S AR 2.4 2.1 29 59 Lh moderate poor 1 
9. D.R. 3.0 1.0 15 70 12.0 massive good Q 
10. A. T. 3.2 £2 18 38 12.5 massive good 2 
tl. A.T 3.5 1.8 20 50 9.0 none fair 3 
12. G. R. 3.8 2.0 15 70 12.0 none good 2 
13. A.L. 3.5 1.0 15 80 11.0 massive fair 1 








1. A large right subcostal incision crossing the midline created in both the portal vein and the inferior vena 
provides satisfactory exposure. cava to assure graft patency. The defect created 
2. Knitted dacron protheses of at least 22 mm. in di- in the inferior vena cava is made on the anterior 
ameter are rigid enough to maintain their shape surface of the vein, in an oblique longitudinal 
yet are sufficiently pliable to conform to anatomic axis, and superior to the entrance of the left 
variants. renal vein. 
3. Elliptical window defects, 4-6 mm. in width, are 4. The graft would be anastomosed first to the portal 
TABLE 4. 
Portal 
Portal Pressure with Portal Indication 
Pressure Occlusion of Pressure for “H” Type of Indication for 
Cases Pre-shunt Portal View Post-shunt Shunt Operation “H” Graft 
1. 380 340 125 prominent portacaval 22 mm. dacron 
caudate lobe 
2. 410 320 170 prominent portacaval 19 mm. dacron 
caudate lobe 
Ks 380 210 180 prominent portacaval 22 mm. dacron 
caudate lobe 
4, A. 420 390 300 spatially portacaval iliac vein 
B. 440 390) 250 unable to portacaval 22 mm. dacron 
reach 
5, 320 300 215 portahepatis portacaval 22 mm. dacron 
scarred 2 to 
gastrectomy 
6. 330 320 220 spatially portacaval 22 mm. dacron 
unable to 
reach 
de 390 310 230 portal vein mesocaval 12 mm. dacron 
thrombosed 
8. 380 300 150 prominent portacaval iliac vein 
caudate lobe 
9. 340 300 130 prominent portacaval 22 mm. dacron 
caudate lobe 
10. 320 280 120 spatially portacaval 22 mm. dacron 
unable to 
reach 
ee 400 375 180 spatially portacaval 22 mm. dacron 
unable to 
reach 
12. 420 400 160 prominent portacaval 22 mm. dacron 
caudate lobe 
13. 380 350 140 prominent portacaval 22 mm. dacron 


caudate lobe 


vein and then to the inferior vena cava since the 
portal vein has limited mobility. 


Results 


Two patients died in the immediate postoperative 
period (Cases 2 and 7 in Table 3). Mr. W. D. (Case 2) 
died 6 days postoperatively in hepatic coma. There 
was no evidence of recurrent variceal hemorrhage, 
however, no post-mortem examination was obtained. In 
Mr. J. O. (Case 7), 2800 cc. of blood were found in the 
peritoneal cavity at autopsy. The graft was patent and 
the anastomosis was intact. The possibility of a coagula- 
tion defect is a consideration. 
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Fic. 2. A. Initial dissec- 
tion of the portal vein. 
B. Enlarged caudate lobe 
of the liver interposed be- 
tween the portal vein and 
the inferior vena cava. C. 
Measuring of the dacron 
graft. D. Anastomosis of 
the dacron graft to the 
portal vein. E. Anastomosis 
of the dacron graft to the 
inferior vena cava. F. Graft 
in place and filled with 
blood. PV = portal vein, 
CL = caudate lobe, D = 
duodenum, IVC = in- 
ferior vena cava. 


Mrs. A. R. (Case 8) died approximately 8 months 
postoperatively of massive gastrointestinal hemorrhage 
and hepatic failure. No post-mortem examination was 
obtained to evaluate the patency of the autogenous 
iliac vein used as an “H” graft. 

Mr. A. M. (Case 4) initially underwent construction 
of an “H” type shunt utilizing an autogenous iliac 
vein. Twenty-four hours postoperatively, the patient had 
recurrent massive upper gastrointestinal hemorrhage 
secondary to ruptured esophageal varices, as demon- 
strated by endoscopy. At the time of reoperation, the 
graft was found to be thrombosed and it was replaced 
by a 22 mm. segment of woven dacron. At 20 months fol- 
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low-up the patient has returned to work and has had no 
recurrence of gastrointestinal hemorrhage, His liver func- 
tion tests have slightly improved compared to preopera- 
tive levels. 

The remaining nine patients had uneventful postopera- 
tive courses and were discharged from the hospital im- 


proved. 


Follow-up 


In the ten surviving patients the follow-up period has 
ranged between 2 months and 2% years (mean 1 year). 
The five patients operated upon because of intractable 
ascites had evidence of minimal reaccumulation of 
ascitic fluid, in the immediate postoperative period. 
This was evidenced by an increase in weight gain 
(average 3 pounds) as well as a 1 to 2 inch increase 
in the abdominal circumference. These gains were lost 
within a 2-week period. Upon discharge these patients 
were not given diuretics or restricted in fluid intake; 
however, a low sodium diet was recommended. Up to 
the present time there has been no evidence of ascitic 
fluid recurrence. In the five surviving patients who were 
operated upon because of variceal hemorrhage there 
have been no episodes of recurrent bleeding. 

Six of the ten surviving patients have been evaluated 
angiographically for shunt patency (Fig. 3). The 
technic consisted of femoral vein catheterization of the 
shunt via the Seldinger method in five instances and 
umbilical vein catheterization and angiography in the 
remaining case. All of the patients studied were found 
to have widely patent shunts. 


Discussion 


The purpose of this communication is not to discuss 
the merits of a side-to-side rather than an end-to-side 
portacaval shunt. Several authors have already stressed 
the usefulness of side-to-side portal decompression in 
intrahepatic hypertension™ 1° 1° and believe it to be the 
procedure of choice for intractable ascites.!! 

The “H” type portosystemic shunt offers an adequate 
alternative for patients who require side-to-side decom- 
pression which is precluded by technical factors. In 
some instances the use of an “H” graft presents technical 
advantages over a difficult side-to-side shunt. 


Summary 


Our experience with 13 patients who underwent porta- 
caval “H” type shunts, utilizing either a segment of 
autogenous vein or a dacron prothesis, is reported. Ten 
patients are alive and have no clinical evidence of 
shunt occlusion. Six patients have been studied angio- 
graphically and patency of the shunts has been demon- 
strated in all instances. 

From both experimental and clinical studies that have 
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Fic. 3. Angiographic demonstration of “H” type shunt patency 
in patient A. T. (Case 10). A catheter is passed via the Seldinger 
technic through the femoral vein, inferior vena cava, and 22 
mm. dacron graft. Injection of dye reveals good visualization of 
the splenic vein. | 


been reviewed, in addition to our present experience, 
the dacron prosthetic “H” type graft would seem to be 
an alternative treatment for patients requiring side-to- 
side shunts when technical aspects make the procedure 
extremely difficult if not impossible. 
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Weight Loss Following Thermal Injury 


THOMAS W. NEWSOME, M.D., MAJOR, MC,* ARTHUR D. MASON, JR., M.D;, 


HE SEVERE WEIGHT Loss frequently associated with 
T thermal injury has been attributed to a combination 
of hypermetabolism and inadequate caloric intake. En- 
ergy expenditures as much as twice normal have been 
documented during the first 3 weeks after such injury,”” 
and negative nitrogen balance may persist for 5-6 
weeks,® At the same time, oral alimentation may be re- 
stricted by prolonged ileus, disorientation, facial burns, 
associated injuries, or the need for respiratory support 
via an endotracheal or tracheostomy tube. Prior to the 
recent development of technics for intravenous hyper- 
alimentation, administration of nutrients by the venous 
route was also limited. Even with the administration of 
4,000-8,000 calories per day by a combination of intra- 
venous and oral routes, actual weight gain is seldom 
achieved in the first few weeks postburn, although 
weight stabilization may be attained.® 

Most of the studies of this catabolic phase of burn 
injury have been confined to intensive but brief moni- 


toring of oxygen consumption, evaporative water loss, 


and body weight in relatively small numbers of patients 
during the first 3 weeks postburn. Soroff’s® study of ni- 
trogen balance is the only long-term analysis of post- 
burn metabolism and it was limited to patients with 
burn sizes of 20-35%. 

In order to define the temporal pattern of postburn 
weight loss and determine its relation to burn size, we 
have divided a selected patient population according to 
burn size and analyzed their weight changes over a 3- 
month postburn period. 


Methods 


A retrospective analysis was made of the weight rec- 
ords of 1,028 patients admitted to the United States 
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Army Institute of Surgical Research burn unit between 
December 1967 and November 1970. This time period 
was chosen because it immediately preceded the. initia- 
tion of high caloric parenteral feedings. Eighty-six pa- ` 
tients with reliable preburn weights, serial weight. as- 
sessments postburn, and without major amputations: 
were consolidated into three burn-size ranges of -0-19% 
(17 patients), 20-39% (25 patients), and 40+% (44 
patients). Patient ages ranged from 2-70 yenn with the 
greatest number in the 15—40 year range. i 

Each patient had been weighed on a Toledo: 100. Kg. f 
scale with 50 Gm. graduations. Weekly weights: from 
the time of admission to the eighth week postburn were 
recorded in the 0-19% and 20-39% ranges. At 12 weeks 
postburn no patients with burns under 20% and: only 
four patients with 20-39% burns remained hospitalized. 
Hospital discharges occurred later in patients.. with 
burns of more than 40% and weight data of this’ group 
were recorded at 12 weeks. Those weights obviously bi- 
ased by dressings were discarded. For comparison, all 
weights were expressed as per cent of preburn weight. 

For each time period, the three data groups were 
subjected to a preliminary analysis of variance. In those 
periods where significant (p < 0.05) intergroup differ- 
ences were detected, all possible comparisons of differ- 
ences between individual groups were tested for signifi- 
cance (p < 0.05) by the technic of Scheffe.4 

Hospital records were also used to determine, for 
each burn size group, the mean date of wound cover- 
age by reepitheliazation and/or autografting. 


Results 


Figure 1 shows a distinct pattern of weight loss fol- 
lowing thermal injury in which both extent and dura- 
tion of loss are proportional to burn size. 
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e In the 17 patients with burns covering less than 
20% of the total body surface, mean weight loss was 3.5% 
one week postburn. The maximum loss of 6% occurred 
3 weeks after injury. Weight gain began at the fourth 
week and return to preburn weight was recorded at 8 
weeks. Wound coverage in this group was attained at a 
mean time of 33 days postburn. 

In 25 patients with burn sizes from 20-39%, signifi- 
cant weight loss did not appear until the second week 
postburn (6%) and the maximum decrease of 12% 
was not reached until the end of the fourth week. Mod- 
est weight gains were noted at 6 and 8 weeks. Mean 
time of wound coverage in this group was the fortieth 
postburn day. 

In the 44 patients with burns of more than 40% there 
was a 4% weight loss at 1 week, a 10% loss at 2 weeks, 
and a continuing loss until a maximum of 22% was 
reached at 8 weeks. In the survivors still hospitalized 
12 weeks after injury there was a wide range of weight 
loss, but the mean weight loss was smaller than at 8 

weeks. Wound coverage was completed at a mean time 
of 57: ‘days postburn in this group. 

Statistical analysis of intergroup weight differences 
détiiotstratéd persistent significant difference between 
thé.‘mean per cent of preburn weight of patients with 
burns .of under 20% and that of patients with burns 
of over. AQ% at all times beyond the first week postburn. 


cane: © he ‘difference between patients with less than 20% 


. -burtis arid those with 20-39% burns did not achieve sig- 

*Mificance until the fourth week, while the difference 
between the latter group and patients with greater 
than 40% burns was not significant until the eighth 
week. 

Examination of the weight curves (Fig. 1) reveals 
that weight stabilization occurred approximately 2 weeks 
prior to completion of wound coverage in both the 0- 
19% and 20-39% groups and that 2 weeks prior to 
wound closure in the 40+% group the rate of weight 
loss flattened. Weight gain was subsequently associated 
with wound closure in all groups. 


Discussion 


These data define a temporal pattern of weight loss 
following thermal injury in which the magnitude and 
duration of loss are directly related to the severity of 
injury. 

A metabolic study closely paralleling this review is 
that of Soroff’ in which nitrogen balance was carefully 
monitored over a 3-month period in 11 patients with 
burn wounds of from 20 to 35% of the total body sur- 
face. Although nitrogen requirements did not return to 
control levels until 60-70 days postburn, a positive cu- 
mulative nitrogen balance was reached between 30-39 
days with the use of high protein dietary supplements. 
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TABLE 1. Intergroup Statistical Comparisons 
Postburn Week A-C A-B B-C 
1 NS NS NS 
2 + NS NS 
3 t NS NS 
4 + * NS 
6 a NS NS 
8 +* * * 





Group A—0-19Q% burns 
Group B—20-39% burns 
Group C—40 + &% burns 
Significance: NS—not significant 
* —0.01 < p < 0.05 
**_0.001 < p < 0.01 


This latter figure correlates reasonably well with the 
28-day point at which the mean weight stabilized in 
our study group with burns of from 20 to 39% of the 
total body surface. The failure of this group to achieve 
more than modest weight increase over the next 4 weeks 
may confirm the persistence of significant catabolism 
suggested by Soroff’s data. 

The relation of wound closure to postburn metabolic 
rates has been the focus of several studies which have 
documented concomitant increases in both oxygen con- 
sumption and evaporative water loss in the early weeks 
postburn.1*:7 Because of the calculated magnitude of 
daily evaporative water loss from the burn wound into 
a normally humidified environment (2 Gm./Kg./% 
burn?) and the measured heat cost of vaporization of 
0.58 calories/Gm. at 30°C., a causal relationship be- 
tween evaporative loss and postburn hypermetabolism 
has been hypothesized. This does not, however, ap- 
pear to be a simple relationship, for Zawacki, et al.” 
have shown that diminishing evaporative loss over a 
12-hour period does not alter the metabolic rate. Gump 
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WEEKS POSTBURN 
Fic. 1. Mean weight following thermal injury in three burn- 


size ranges is plotted as a per “cent of preburn weight. Arrows 
mark the mean time of wound closure for each range. 
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‘and Kinney? have presented additional data suggesting 
that while evaporative losses decline during the first 2 
weeks, the metabolic rate rises. In contrast is a report 
from Sweden! that postburn metabolic rates are de- 
creased by a warm, dry environment which may pro- 
vide a portion of the heat required for vaporization. 
Clouding interpretation of this study is the fact that 
the control temperature of 22°C. used for contrast is 
sufficiently low to enhance pretreatment hypermetab- 
olism. 

Definitive wound closure, defined as the completion 
of reepitheliazation and/or autografting of the burn 
wound, followed weight stabilization by almost 2 weeks 
in each of the burn size ranges considered. At the time 
when reversal of weight loss occurred, however, cover- 


- age of significant portions of the burn wound had al- 


ready been effected in most patients by a combination 
of reepitheliazation of second degree burn and allo- 
grafting of third degree burn. Whether such closure 
bears a causal relationship to the reversal of weight 
loss cannot be determined from our data, since the pa- 
tient groups did not include individuals in whom such 
coverage was deliberately delayed. Our data do show 
that final wound closure, like weight stabilization, occurs 
Jater as burn size increases. 

Metabolic stimuli other than the open wound are ac- 
tive in the burn patient and probably relate to burn 
size. Among these are hyperdynamic circulation, ele- 
vated catecholamines, and sepsis. As the burn wound 
heals, these ebb, and the patient’s metabolic demands 
diminish. 

Since both the magnitude and the duration of the 
catabolic phase following burn injury seem clearly re- 
lated to the extent of injury and are difficult to effec- 
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tively mute, emphasis must be placed on supplying the” 
patient with a caloric intake adequate to achieve net 
caloric balance. The effectiveness of vigorous oral and 
intravenous caloric support has been the subject of a re- 
cent report from this institute by Wilmore, et al.° 


Summary 


A pattern of weight loss has been found in patients 
with thermal injuries. The magnitude and duration are 
directly related to the extent of injury. A maximum 
mean loss of 22% of preburn weight occurred 8 weeks 
postburn in patients with burns covering more than 40% 
of the total body surface. Weight stabilization preceded 
definitive wound closure and was considered to reflect 
diminishing metabolic demands. 
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Systemic and Pulmonary Hemodynamic Changes 


Accompanying Thermal Injury 


MORRIS J. ASCH, M.D., LT COL, MC, RICHARD J. FELDMAN, CAPT VC, 


HARREL L. WALKER, M.S., F. D. FOLEY, M.D., 


RICHARD L. POPP, M.D.,MAJOR, MC, ARTHUR D. MASON, JR., M.D., 


HE PULMONARY response to nonthoracic trauma has 
Te the subject of much discussion and speculation 
‘and is not well understood. Congestive atelectasis,’ fat 
embolism,‘ and wet lung!’ are some of the names that 
have’ been given to the pulmonary problems occurring 
after trduma. Pulmonary complications are common se- 
quelae of thermal trauma’ and are significant sources 
of morbidity and mortality. Many of these complica- 
-< tions occur during the first postburn week and are mani- 
: -fested bya poorly understood respiratory distress syn- 
drome; „hyperventilation, interstitial pulmonary edema 
or pnéurnonitis. This study evaluates the pressure and 
resistatice changes across the pulmonary vascular bed 
subsequent to thermal trauma and compares these with 
the concurrent changes in the systemic circulation. The 
influence of two different fluid resuscitation regimens 
on circulatory hemodynamics was also evaluated. These 
studies were performed in unanesthetized dogs.1 Gross 
and microscopic observations of the pulmonary vascu- 
lar bed and electron microscopic studies of the lung 
were also made on selected dogs. 


Methods 


Conditioned, adult, mongrel dogs, weighing from 14 
to 19 Kg., were used as study subjects. Number 8 French 
polyethylene feeding tubes were placed percutaneously 
into the main pulmonary artery, the left atrium, the 
aortic arch and the terminal superior vena cava and left 
indwelling (Fig. 1). This was done under fluoroscopic 
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guidance 24 hours prior to burning, using Ketamine 
anesthesia, occasionally supplemented by a short-act- 
ing barbiturate, sodium methohexital. The next day, 
preburn blood samples for arterial hematocrit, pH, 
Pcos, Pog and mixed venous pH, Pcoz, Pos and lactic 
acid were drawn from the aortic and pulmonary artery 
catheters respectively. Duplicate preburn cardiac out- 
put measurements were made along with simultaneous 
measurements of pulmonary artery, left atrial and sys- 
temic arterial pressures. Cardiac output was determined 
by a dye dilution technic using indocyanine green, the 
details of which have been reported previously. 

Arterial and venous pH, Pcoz and Poz were meas- 
ured using the Instrumentation Laboratory blood gas 
analyzer. Lactic acid was measured by the method of 
Ellis et al. The pulmonary artery and left atrial can- 
nulae were attached to the positive and negative sides 
of a differential pressure transducer (Sanborn model 
268B ) to measure the pressure difference across the pul- 
monary vascular bed. This difference was verified by in- 
dependéntly measuring the left atrial and pulmonary 
arterial pressures on one side of the transducer and sub- 
tracting the former from the latter. The aortic cannula 
was attached to a Statham transducer to measure arte- 
rial pressure. Pressures and heart rate were recorded on 
a Sanborn four-channel recorder (model 964). The po- 
sitions of all cannulae were confirmed at the time the 
animals were sacrificed. After these measurements had 
been performed, all animals were anesthetized for 10 
to 20 minutes with sodium methohexital during which 
time they were shaved and subjected to a 40 to 45% scald 
burn (12 seconds in water at 99° to 100°C). The area 
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of the body burned was the entire back and portions of 
the flanks and upper legs. The animals recovered from 
anesthesia in 45 to 90 minutes and were randomly di- 
vided into four groups of six each: (1) control un- 
burned; (2) burned nonresuscitated; (3) burned and 
resuscitated with Plasmanate; and (4) burned and re- 


_ suscitated with Ringers lactate. The volume of Ring- 


ers lactate or Plasmanate used was 2 cc./kg. body 
weight per per cent burn (90 ml./Kg.) in the first 24 
hours, half being given in the first 8 hours and the 


. remainder in the next 16 hours. Half this volume was 


administered at a constant rate during the second 24 
hours and each dog was allowed to drink one liter of 
water per day. Measurements of cardiac output, pul- 
monary arterial, left atrial and systemic arterial pressure 
were made prior to beginning fluid administration (ap- 
proximately 90 minutes after burning) and were re- 
peated at 4 and 6 hours postburn and then every 6 hours 
until the animals were sacrificed at 48 hours. Arterial 
hematocrit, Pco. and Po, and mixed venous lactic 
acid, pH, Pco, and Poz were measured at the same time 
intervals. The dogs were sacrificed 48 hours postburn 


- by injecting a bolus of potassium chloride mixed with 


a suspension of carbon particles into the superior vena 
cava. A template of the burned area was drawn and the 


_ surface area was measured with a planimeter; the per 


cent of total body surface burned was then calculated. 
Full thickness cutaneous necrosis was confirmed by his- 
tologic examination. 


Results 


All data were expressed as per cent of preburn value 
using the preburn determination as 100%. Pulmonary 
arterial, left atrial and systemic arterial pressures were 
expressed as mean pressure. The results shown in the 
graphs reflect mean values plus or minus the standard 
error of the mean. Resistance data were calculated by 
dividing mean systemic arterial pressure, or mean pul- 
monary artery minus mean left atrial pressure, by car- 
diac output. Systemic central venous pressure was not 
taken into account in calculating systemic resistance be- 
cause of its negligible contribution. 

Cardiac output. Cardiac output 90 minutes after 
burning and prior to resuscitation was between 55 and 
60% of preburn value in all three groups of burned 
animals (Fig. 2). A rapid rise was observed thereafter 
in the Plasmanate resuscitated group so that cardiac 
output returned to preburn levels between 4 and 6 
hours postburn, became significantly higher than pre- 
burn levels at 12 hours postburn, and remained so until 
the end of the 48-hour period. Both the Ringer’s lactate 
resuscitated dogs and the non-resuscitated burned dogs 
had a much slower return of cardiac output to preburn 
levels, the former returning to normal at 24 hours and 
the latter at 30 hours. Ringer's lactate resuscitation pro- 
duced a supernormal cardiac output 30 hours postburn 
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Fic, 1, Diagram illustrating placement of cannulas. 


while the burned dogs that were not resuscitated main- 
tained a cardiac output near preburn levels from,30 to 
48 hours postburn. Cardiac output in ‘the non-burned, 
control dogs remained stable throughout the.48 hours — 
of observation. as ee 

Pulmonary and Systemic Resistance. Pulmonary: and 
systemic resistances were calculated and: tabulated sep- 
arately for each of the three groups of burned dogs. In 
analyzing these data there was no consistent difference 
among the three groups. There was, however, a dis- 
proportion between pulmonary and systemic resistance | 
changes in all burned dogs (Fig. 3). Mean pulmonary 
resistance rose to 211% of preburn values 2. hours after 
injury and gradually fell to preburn levels at“42 hours 
postburn. Mean systemic resistance rose to 181%: 2 
hours postburn and returned to preburn values 18 to 
24 hours postburn. This difference between pulmonary 
and systemic resistance change was observed through- 
out most of the experiment. 


Non- resuscitated 
Ringer's Loctote resuscitation 


Plesmonate resuscitetion 
Unburned controis 
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Fre. 2. Change in cardiac output resulting from burn and the 
influence of Plasmanate and Ringer’s lactate fluid resuscitation. 
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Fic. 3. The effect of thermal injury and resuscitation regimens 
on pulmonary. and systemic vascular resistance compared to 
changes of resistances in unburned animals. 


Pulmonary arterial, left atrial and systemic arterial 
pressure. : 
. Systemic arterial pressure was relatively stable in all 
animals. In the resuscitated animals, an elevation of pul- 
‘monary arterial pressure occurred with little change of 
left atrial pressure, increasing the transpulmonary pres- 
-sure gradient (Fig. 4). In the non-resuscitated animals, 


ae « bath” pulmonary arterial and left atrial pressures de- 
“ereased; with maintenance of a normal transpulmon- 


«ary pressure gradient despite decreased flow. 

pH, Pco2, Po, and Lactic Acid Measurements, Anal- 
ysis of serial arterial and mixed venous pH, Pcos and 
_ Po, failed to reveal any consistent characteristic 
change. A decrease in pH and Pos in the pulmonary 
arterial blood occurred only occasionally and there was 
no correlation between these decreases and elevation 
of pulmonary arterial pressure. Lactic acid was ele- 
vated in only a few isolated instances throughout the 
experiment. 

Burn Size. Burn size varied in each group from 37 to 
46% of the total body surface. The mean burn size 
was 41% of the total body surface in the burned non- 
resuscitated dogs, 40% in the burned, Ringer’s lactate 
resuscitated dogs, and 41% in the burned Plasmanate 
resuscitated dogs. 

The lungs of burned dogs with or without resuscita- 
tion appeared more fully perfused than the nonburned. 
The latter often demonstrated segments of lung that 
were less dark than adjacent lobules due to variability 
in distribution of the carbon suspension. Although the 
lungs of the burned animals appeared darker through- 
out, the degree of alveolar capillary congestion did not 
vary by light microscopy among the four groups stud- 
ied, There was marked variability of carbon distribution 
between areas of lung sampled and between animals. 

Ultrastructural observations revealed alveolar lining 
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cells, granular pneumocytes and pulmonary capillary 
endothelial cells to be intact in all groups. The intersti- 
tial compartment in the thick portion of the alveolo- 
capillary membrane was generally compact. An isolated 
focus of interstitial dissection by edema and a few in- 
terstitial carbon particles were seen in two resuscitated 
dogs, the significance of which is uncertain. No edema 
or hemorrhage was apparent by light microscopy in. 
any of the four groups. 


Discussion 


The merits of different fluid resuscitation regimens in 
burn shock have been debated at length. The criteria 
for an ideal fluid regimen are difficult to delineate and 
it is apparent that a variety of methods of fluid therapy 
will permit survival, keep patients out of clinical shock 
and evoke adequate urine output. Restoration of car- 
diac output would seem to be an important factor and 
the early restoration of cardiac output with Plasmanate 
resuscitation in this experiment is of interest and corrob- 
orates the earlier work of Moncrief done in anesthe- 
tized dogs.1! Transcapillary leakage of protein and the 
inability of others! to show an increase in plasma vol- 
ume with colloid administration seem to rule out a sim- 
ple volume effect. 

There is evidence that a myocardial depressant exists 
in both burn and hemorrhagic shock.*!* It is possible 
that plasma binding of such a factor by Plasmanate 
could account for earlier restoration of cardiac output 
in these animals. 

The current report is the first study of pressure and 
resistance changes in the pulmonary vascular bed in 
burn shock. The disproportionately greater increase of 
pulmonary resistance than of systemic resistance is sim- 
ilar to the findings of Cook and Webb® in hemorrhagic 
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shock, This may be accounted for by a disproportionate 
increase in pulmonary arterial vasoconstriction. De- 


_ crease in pH and decrease in oxygen tension of pul- 


monary arterial blood are known to produce pulmonary 
arterial vasoconstriction’ but were not factors in the 
current experiment. A number of vasoactive agents are 
known to influence the pulmonary circulation! and 
may play a part in the observed elevation of pulmonary 
arterial pressure. Another possibility, described by 
West,'" is that the observed rise in transpulmonary re- 
sistance is due to increased mean intra-alveolar and in- 
terstitial pressure due to hyperventilation, which occurs 
following burns? and other trauma.® 

The very occasional lactic acid elevation agrees with 
a recent clinical study’® but is at variance with previ- 
ous work in the anesthetized dog.’! This is probably ex- 
plained by better perfusion in the conscious animals. 

The gross appearance of the lungs in burned animals 
is consistent with an increase in pulmonary ‘blood vol- 
ume as reported in similar studies by -Cook No dif- 
ferences were noted by light microscopy among the four 
groups studied but small differences would have been 
obscured by the marked variability in alveolar capil- 
lary congestion between areas and also by compression 
of alveolar capillaries in all groups by :intratracheal in- 
stillation of fixative under pressure. Light. microscopic 
lung changes following hemorrhagic shock -have also 
been inconsistent.” J 

Ultrastructural pulmonary alterations - which have 
been described in hemorrhagic shock in:canine models 
include interstitial edema and swelling :of alveolar epi- 
thelium, granular pneumocytes and endothelial lining 
cells.4 The interstitial compartment of the lungs in the 
burned animals, whether resuscitated or not, remained 
intact for the most part, although .rare isolated foci of 
interstitial edema were found associated ‘with extravasa- 
tion of particulate carbon in some of the resuscitated 
animals. In contrast to the ultrastructural cellular 
changes noted in hemorrhagic shock, no edema or swell- 
ing was present in the alveolar epithelium, granular 
pneumocytes or endothelial lining cells, but this may 
only reflect a difference in severity or duration of hy- 
povolemia. 


Summary 


Changes in pulmonary and systemic hemodynamics 
have been studied in animals with large burns after 
recovery of consciousness. Increased resistances were 
observed in both systems and was somewhat more prom- 


-inent in the pulmonary circulation. Cardiac’ output re- 


sponded more promptly to colloid resuscitation than to 
administration of electrolyte solutions in these animals. 
Postmortem examination of the lungs revealed only 
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minimal focal interstitial edema and a more uniform® 
perfusion pattern than was observed in unburned con- 
trol animals. | 
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Sepsis: 


A Mechanism for Vasodilatation in the Kidney 


HE: $YSTEMIC HEMODYNAMIC effects of severe sepsis 
g Ror a hyperdynamic state characterized by an 
-ihereased cardiac index, expanded blood volume, wid- 
ened pulse pressure, expanded extracellular fluid vol- 
‘ume ‘and decreased peripheral vascular resistance.?:*9 

The renal circulation is classically considered exempt 
- from: this hyperdynamic state and responds to sepsis 
with increased’ renal vascular resistance and decreased 
_ renal flow. Most estimates of renal plasma flow in sep- 
_ tic patients, however, have been extrapolated from mea- 
surements of para-amino hippurate clearance (Cpaz) 
- assuming a constant extraction ratio (Epay) of 0.91. In 
view of the many factors such as temperature,’ liver 
disease,8 and acute or chronic fluid loading,1 which are 
known to alter Epan, this assumption must be regarded 
as highly speculative pending clinical confirmation in 
septic patients. 

Recent clinical’? and experimental observations’ of 
renal function in the presence of sepsis cast some doubt 
on the concept that the renal circulation is truly ex- 
empt from this hyperdynamic state. Clinically," we 
have identified in a significant number of severely sep- 
tic patients a syndrome of “inappropriate polyuria” char- 
acterized by relatively high urine volumes which tend 
to deplete the required circulatory volume and lead to 
hypotension and renal failure if large intravenous fluid 
replacement is not provided. This syndrome is compar- 
able to that seen in patients receiving phenoxybenza- 
mine, Large volumes of intravenous fluid replacement 
maintain normal effective circulatory volume as meas- 
ured by blood pressure and pulse and protect renal 
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function as measured by glomerular filtration rate and 
effective renal plasma flow. Experimentally, Hermreck 
and Thal’ reported an increase in true renal blood flow 
in dogs with septic hind limbs. This increase in renal 
blood flow was measured with an electromagnetic flow- 
meter and correlated directly with a concomitant in- 
crease in cardiac output. 

The present study was designed to determine: 1) in 
dogs, the effect of a different septic preparation on renal 
vascular resistance, and 2) in man, the effect of severe 
sepsis on renal function and hemodynamics. 


Methods 


1. Experimental Studies 


Renal vascular resistance in dogs was measured in an 
in situ isolated canine kidney™ perfused at a constant 
rate intermittently with autologous blood, homologous 
control blood and homologous blood from septic dogs. 


Laparotomy and left nephrectomy were performed on 


16 adult mongrel dogs under pentobarbital anesthesia 
(25 mg./Kg.) and controlled endotracheal ventilation. 
The dogs weighed between 15 and 23 Kg. The aorta 
above and below both renal arteries was dissected free 
and the intervening lumbar arteries were ligated and 
divided, The left renal artery was cannulated with a 
#320 polyethylene catheter for perfusion into the iso- 
lated aorto-renal segment (ARS). A second polyethylene 
catheter was passed retrograde into the ARS via the 
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femoral artery and used to monitor continuous ARS pres- 


sure. Temporary occlusion with appropriately placed um- 
bilical tapes allowed intermittent isolation of the ARS for 
purposes of perfusion. The carotid artery was cannu- 
lated and used to perfuse the ARS with autologous 
blood through an occlusive finger pump and to measure 
systemic pressure.’ ARS perfusion pressure was main- 
tained slightly above systemic pressure to minimize or 
eliminate interference from collateral circulation. Flow 
rates required to maintain this perfusion pressure av- 
eraged 103 ml./min. (range: 63-175 ml./min.) All dogs 
were heparinized (2 mg./Kg.) prior to initiating the 
perfusion. 

The ARS was intermittently perfused with autologous 
blood from the recipient dog’s own carotid artery until 
reliable baseline measurements were obtained. After 
equilibration, the ARS was alternately perfused through 
a three-way stop cock for 20 to 60-second periods with 
homologous blood obtained from the carotid arteries of 
both control and septic dogs. Flow rates were kept con- 
stant; thus, any change in ARS pressure reflected a 
change in renal vascular resistance. Following each per- 
fusion with control or septic blood, the ARS was 
cleared by means of a short-term perfusion with bal- 
anced electrolyte solution prior to re-establishing base- 
line perfusion. 

The control dogs received water ad libitum from the 
night prior to operation and cannulation of the caro- 
tid artery. The septic dogs were prepared by appendec- 
tomy without ligature within 24 hours prior to study. 
These dogs received no antibiotics but received intra- 
venous balanced electrolyte solution to prevent dehy- 
dration. Approximately 60% of the dogs made septic 
by this method died within 24 hours and were thus not 
used. Hematocrit and serum osmolalities were moni- 
tored in the surviving septic dogs and the control dogs. 
Only those septic and control dogs with comparable 
hematocrits (+ 3%) and serum osmolalities (+ 5%) 
were included. All dogs with hematocrit levels below 35% 
and above 45% were excluded. After exclusion of either 
the dehydrated or hyperosmolar septic animals, a total of 
16 ARS preparations were perfused and admissible for 
statistical evaluation. A total of 25 perfusions from 16 
control dogs and 34 perfusions from 16 septic dogs 


_were made into the ARS of 16 recipient animals. 


9. Clinical Studies 
Glomerular filtration rate and effective renal plasma 


flow were measured by clearances of inulin (Cyy) and’ 


para-amino hippurate (Cpay) on 34 occasions in 22 se- 
verely septic patients with peritonitis due either to 
hollow viscus perforation or strangulation obstruction. 
Fifteen of these patients subsequently died and four 
developed renal failure. Para-amino hippurate extrac- 
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tion ratios (Epan) were calculated in six of these patients? 
and these measurements were used to calculate true 
renal blood flow. Measurements of (Ci), (Cran), and 
(Eran) were made during three consecutive 15-min- 
ute collection periods after a 45-minute equilibration 
period, following a bolus injection of inulin and para- 
amino hippurate calculated to achieve serum levels of 
25 mg./100 ml. and 2 mg./100 ml. respectively. Through- 
out the equilibration and collection periods, a con- 
stant infusion of inulin and para-amino hippurate was 
maintained in order to keep the plasma levels con- 
stant. This technic follows the prescribed method of 
Homer Smith and has been previously reported by us.7 
All studies were made more than 72 hours after the 
initial operative procedure to minimize or eliminate the 
effects of anesthesia. 

Measurements of (Epan) in the six severely septic 
patients were facilitated by placing under direct fluor- 
oscopic control a custom-made #2 wide arc Odman- 
Ledein type catheter deeply into the right. renal: vein 
via a femoral vein. Careful gravity aspiration of -hlood 
from these catheters was performed to prevent mixture 
from inferior vena caval blood. The entire ‘procedure 
in these six critically ill patients required the careful 
coordination of both the clinical and renal services along 
with the intensive care unit nursing personne] and the 
Department of Radiology. This careful coordination by 
all involved parties insured optimal patient care __ 
throughout the period of renal evaluation. The results“ :. 
of the renal function studies, along with the results of ` 
in-depth respiratory and cardiac studies, were used to- 
monitor daily treatment part of which was supervised 
by the renal unit. All measurements were corrected to 
1.73 M? surface area and reported as a percentage of 
the expected norm, which is 125 + 25 ml./min, for 
Cyy and 650 + 160 ml./min. for Cpan. Appropriate 
correlations to the cardiac output determined by car- 
diogreen dilution technic and total peripheral vascular 
resistance were made whenever possible. 


Results 


Experimental Studies 


Renal vascular resistance as estimated by the change 
in ARS pressure while being perfused at a constant 
flow rate (Average = 103 ml./min.) decreased an av- 
erage of 34 + 7.3% SD (69 + 7.5 ml./min. SD) dur- 
ing 25 perfusions with control blood and 53 + 8.3% 
SD (51 + 86 ml./min. SD) during 34 perfusions with 
septic blood when compared to the baseline perfusion 
with autologous blood. This decrease in total renal vas- 
cular resistance with septic blood over that with con- 
trol blood in dogs with comparable hematocrits and 
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TABLE 1. Effect of Sepsis on Renal Function 
Results 


85 + 30.3% S.D. 
(107 = 38 ml./min. S.D.) 


Measurements Studied* 


Glomerular Filtration 
Rate-~22 patients 
Cry(ml./min.) 


73 + 29.6 % S. D. 
(474 + 192 ml./min. S.D.) 


Effective Renal Plasma 
Flow—-22 patients 
Cpeau(ml./min.) 


Extraction Ratio 
Para-amino hippurate 
in 6 patients 

Eran (%) 


True Renal Plasma 
Flow in 6 patients 
Cpan/Epan in ml./min. 


0.43 Range 0.04 to 0.62 


171% Range 51 to 276% 
(1238 ml./min. Range 364 to 2000 
ml./min.) 


* Glomerular filtration rate, effective renal plasma flow and true 
renal plasma flow are expressed as percentage of expected norm 
corrected to 1.73 M? surface area. Actual flow rates are in paren- 
theses. 


serum. “osmolalities was statistically significant (p 


0.05). 
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The (Ci) and (Cran) averaged 85 + 30.3% SD 
i: (2107 ; + 38 ml./min. SD) and 73 + 29.6% SD (474 + 192 


. ae min: SD) of the expected norm for the 34 deter- 
.safinations in 22 severely septic patients (Table 1). 


(Eran) in the six patients with renal vein samples 
averaged 0.43 (range = 0.04 to 0.62) compared to an 
expected normal of 0.91. The two patients with non- 
oliguric renal failure had an average (Cn) and (Cran) 
of 29% (35 ml./min.) and 16% (104 ml./min.) respec- 
tively of expected norm. The true renal plasma flow was 
measured in one of these patients and it. was 2000 
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ml./min. or 276% of expected. Cardiac outputs measured 
by cardiogreen dilution technique within 36 hours of 
the renal hemodynamic studies in four patients with 
(Epan) measurements averaged 9.0 L/min. reflecting the 
hyperdynamic state of sepsis. The ratio of true renal 
blood flow to total cardiac output averaged 21% (range 
16% to 26%) in these four patients (Table 2). This rise 
in true renal blood flow paralleled the increase in cardiac 
output. 


Discussion 


The classic concept that sepsis increases renal vascu- 
lar resistance appears to be an extension of the miscon- 
ception that sepsis causes increased total peripheral vas- 
cular resistance with decreased cardiac output.11-15.16 
This interpretation of the systemic and renal hemo- — 
dynamic effects of sepsis is based primarily on animal 
studies where various artificial preparations were used 
to mimic clinical sepsis. Unfortunately, clinical sepsis 
is not a pure syndrome that can be reproduced by in- 
fusion of endotoxin or other bacterial products but is a 
complex physiologic response to a multiplicity of offend- 
ing stimuli released from various bacteria with their ap- 
propriate toxins and several factors which have not yet 
been identified. The systemic vasodilatory effects of sepsis 
became documented only when investigation shifted from 
the experimental laboratory to the intensive care unit. 
These systemic hemodynamic studies were facilitated by 
the accurate measurements of true cardiac output which 
can be obtained by using the cardiogreen dilution tech- 
nic. Accurate measurements of true renal blood flow 
have in the past been hampered by the difficulties inher- 
ent in obtaining uncontaminated renal vein samples 
when measuring para-amino hippurate clearance. This 
led to the frequent use of para-amino hippurate clear- 


TABLE 2. Sepsis and Renal Hemodynamics—Parameters Studied* 
GFR ERPF Extraction Ratio TRPF Renal Blood Flow 
Patients (Cin) (Crag) (Eran) (Cpan/(Epan) Cardiac Output 
1. 12% 12% 4% 276% 19% 
t(15 ml./min.) (80 ml./min.) (2000 ml./min.) 
2. 136% 135% 62% 196% 23% 
(169 ml./min.) (883 ml./min.) (1424 ml./min.) 
3, 97% 106% 48% 198% 26% 
(121 ml./min.) (687 ml./min.) (1431 ml./min.) 
4. 114% | 79% . 45% 158% — 
(149 ml./min.) (515 ml./min.) f: (1144 ml./min.) 
5; 76% 69% 42% 147% 16% 
(95 ml./min.) (448 ml./min.)} (1066 ml./min.) 
6. 86% 31% 56% 51% — 
(107 ml./min.) (207 ml./min.) (364 ml. /min. ) 
87% 0.43 171% 21% 


Average 


(109 ml./min.) 


72% 
(470 ml./min.) 


(1238 ml./min.) 


* GFR, ERPF and TRPF measurements are corrected to % of expected norm per 1.73 M2. 


{ Actual flow rates are in parentheses, 
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ance as a measurement of renal plasma flow assuming 


a constant extraction ratio of 0.91. It is apparent from 
the present study that this assumption is invalid and 
previous clinical measurements of renal blood flow 
using this technic must be discounted. Clearance of 
para-amino hippurate must be regarded as only a mea- 
surement of effective renal plasma flow by which one 
measures plasma perfusing functioning nephrons. 
Hermreck and Thal!’ were the first to document a 
decrease in renal vascular resistance in septic animals. 
They used ar electromagnetic flowmeter to measure 
flow through the renal artery in dogs with septic limbs. 
Using the same animal model for sepsis!® we found a 
significant decrease in effective renal plasma flow but 
no decrease in true renal plasma flow. The extraction 
of para-aminc hippurate in these animals was signifi- 
cantly reduced in comparison to control dogs. Thal 
postulated that increased renal blood flow in this prep- 
aration was due to the release of vasoactive agents such 
as endogenous pyrogens." This concept is supported by 
the decrease in renal vascular resistance seen in the 
isolated aorto-renal segment when being perfused at a 
constant flow with blood from a septic animal. Clini- 
cal support cf this concept has been limited previously 
to the study of renal hemodynamics following pyro- 
gen,*12 or bradykinin? administration in human volun- 
teers. These patients developed renal hyperemia with 
increased true renal blood flow and sodium excretion. 


The present study demonstrates that the kidney does 


share in this hyperdynamic state in critically ill septic 
patients. 

The mechanism whereby renal vascular resistance is 
decreased in septic patients is uncertain. The hyper- 
dynamic state seen clinically with massive sepsis is not 
accompanied by a similar increase in oxygen consump- 
tion,?2° so that systemic shunting seems likely. Such 
shunting is either physiologic whereby red blood cells 
passing through capillaries of septic areas are not 
releasing oxygen, or else anatomic in which pre-capil- 
lary arteriovenous communications allow the blood to 
bypass the cells. A similar phenomenon apparently 
is operative within the kidney. This may result from a 
redistribution of blood flow decreasing cortical flow 
while the medullary flow increases.4 Such a redistri- 
bution could result in selected tubules exceeding their 
transport maximum for secreting para-amino hippurate. 
The effect of specific factors such as drugs, acidosis, 
or fever, upon the efficiency of the transport mechan- 
ism of these perfused tubules, however, is unknown. Al- 
ternatively, the blood may be perfusing the tubules 
evenly but the cells may not transport the para-amino 
hippurate as a result of injurv to the transport mechan- 
ism. Regardless of which mechanism is active, extrac- 
tion of para-amino hippurate is decreased while true 
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renal blood flow increases in proportion to the increase 
in cardiac output. 

The hyperdynamic renal circulation may explain the 
“inappropriate polyuria” which has been observed in 
many of these patients.’ These patients may excrete 
from 200 to 500 cc. urine per hour at the expense of 
the circulatory volume resulting in hypotension if in- 
travenous fluid replacement is not provided. This poly- 
uria may reflect the increased solute‘ and sodium 
excretion* seen with renal hyperemia in man following 
pyrogen administration. Alternatively, pre-glomerular 
arterial venous shunting may increase renal venuole 
pressure sufficiently to impair sodium reabsorption. 
Certainly the anatomic and physiologic mechanisms of 
renal hyperemia in sepsis needs to be further clafified. 
Currently we are exploring the role of osmolar clear- 
ance, sodium reabsorption and renal venous pressure 
in comparable septic patients. Pending better under- 
standing of renal hyperemia in sepsis, clinicians should 
anticipate inappropriately high urine excretion in.septic 
patients. Fluid and electrolyte replacement* in’ such 


patients is facilitated by close monitoring of urinary 


sodium concentration which, if inordinately. low; ree 


fects effective hypovolemia even when actual measure- 
ments of blood volume and central venotis pressure 
are elevated. ; 


Summary 


The effects of sepsis on renal hemodynamics weré* - 
studied: 1) Experimentally in dogs, by constant flow `. 
perfusions of both control and septic blood into an in — 


situ isolated. aorto-renal segment (ARS) in which a 
change in pressure reflects a change in renal vascular 
resistance (RVR) and 2) Clinically, by serial measure- 
ments of para-amino hippurate (ERPF) and Inulin 
clearance (GFR) in 22 septic patients and para-amino 
hippurate extraction ratio (Epan) in six critical septic 
patients. 

Experimentally, RVR in the ARS decreased an aver- 
age of 34% with control blood and 53% with septic 
blood. Clinically, GFR and ERPF averaged 85% and 
73% of expected norm in 22 patients and Epay aver- 
aged 0.43 in six patients. Total renal blood flow averaged 
171% of expected norm in six patients and 21% of cardiac 
output in four patients. The possible etiology and 
clinical implications of this renal hyperemia in septic 
patients are discussed. 
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All of these mammals, except one, 
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Man cannot. 





Homo sapiens can neither synthesize vitamin | increased. 

C nor store most of the water soluble vitamins. In such cases, Surbex-T may be indicated. 

They should be replenished every day. | Each tablet provides 500 mg. of vitamin C 

Normally, man accomplishes this in his daily | plus high potency B-complex. 

diet. But under conditions of illness, stress, in | Where nutritional status must be preserved, 

convalescence or following surgery, vitamin | Surbex-T can help restore what the body can 
e stores may be depleted or metabolic demands | not store. 306399R 
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ABBOTT 


500 mg. of Vitamin C with High Potency B-Complex 
Restores what the body cannot effectively store 





more than 10 years of clinical experience * 





Keflin I.V. 


sodium cephalothin 


2 Gm.” in 100-ml. ampoule 


lor sepsis ana 
oneumonias' 


Over the years, Keflin has been, and 
continues to be, a logical choice of surgeons 
for the treatment of sepsis and pneumonias 
with or without septicemia or shock when due 
to susceptible strains of Klebsiella, Escherichia 
coli, and Proteus mirabilis. Pseudomonas is 
resistant; many strains cf enterococci, such as 
Streptococcus faecalis, are relatively resistant. 
Keflin is contraindicated in persons who have 
shown hypersensitivity to cephalosporins and 
should be used with great caution in patients 
allergic to penicillin, 


The promot administration of Keflin has 
proved to be useful in the hospital forthe 
treatment of sepsis, particularly if shock is 


present or impending. Furthermore, it may even 
be given to: 
e patients with impaired renal function, at 
reduced dosage 
¢ patients with low host resistance 
» those with coexisting complications, such 
as malnutrition, trauma, and malignancy 


Since the introduction of Keflin, the 
susceptibilities of commonly encountered 
organisms, as measured by in-vitro methods, 
have not changed significantly. 


"aquivalent to cephalothin 
tdue to susceptible organisms 


* Keflin was made available for clinical investigation 
early in 1962 and was marketed on September 4, 1964. 


Lilly 


Please turn page for prescribing information. 


SIA 


Description: Keflin® (sodium cephalothin, 
Lilly) is a semisynthetic cephalosporin 
antibiotic for parenteral use. It is the so- 
dium salt of 7-(thiophene-2-acetamido) 
cephalosporanic acid. The sodium content 
is 55 mg. per Gm. of cephalothin. 


Actions: Microbiology—The bactericidal ac- 
tion of cephalothin results from inhibition 
of cell-wall synthesis. In-vitro and in-vivo 
activity has been demonstrated against 
Strains of the following micro-organisms: 
Staphylococcus aureus (penicillin-sen- 
sitive and penicillinase-producing) 
Beta-hemolytic and other streptococci 
(many strains of enterococci, e.g., 
Streptococcus faecalis, are relatively 
resistant) 
Pneumococci 
Clostridia 
Hemophilus influenzae 
Neisseria gonorrhoeae 
Escherichia coli and other coliform bac- 
teria 
Klebsiella-Enterobacter sp. 
Proteus 
Salmonella sp. 
Shigella sp. 


Indications: Keflin is indicated in the treat- 
ment of serious infections of the respira- 
tory tract, genito-urinary tract, soft tissue 
and skin, gastro-intestinal tract, bones 
and joints, bloodstream, and cardiovascu- 
lar system due to susceptible organisms. 
Also, it has been effective in cases of peri- 
tonitis, septic abortion, and staphylococcal 
and pneumococcal meningitis. Effective- 
ness has not been established in other 
types of meningeal infection. 

Appropriate culture and susceptibility 
Studies should be performed to determine 
susceptibility of the causative organism to 
Keflin. 


Contraindication: Keflin is contraindicated 
in persons who have shown hypersensitiv- 
ity to cephalosporin antibiotics. 


Warnings: IN PENICILLIN-SENSITIVE PA- 
TIENTS, CEPHALOSPORIN C DERIVATIVES 
SHOULD BE USED WITH GREAT CAUTION. 
THERE IS CLINICAL AND LABORATORY EVI- 
DENCE OF PARTIAL CROSS-ALLERGENICITY 
OF THE PENICILLINS AND THE CEPHALO- 
SPORINS. INSTANCES OF PATIENTS WHO 
HAVE HAD SEVERE REACTIONS TO BOTH 


DRUGS, INCLUDING DEATH FROM ANAPHY. 


LAXIS, HAVE BEEN REPORTED. 


Any patient who has demonstrated some Ay 


form of allergy, particularly to drugs, 
should receive antibiotics cautiously and 
then only when absolutely necessary. No 
exception should be made with regard to 
Keflin. 


Usage in Pregnancy—Safety of this prod- 
uct for use during pregnancy has not 
been established. 


Precautions: Patients should be followed 
carefully so that any side-effects or un- 
usual manifestations of drug idiosyncrasy 
may be detected. If an allergic reaction to 
Keflin occurs, the drug should be discon- 
tinued and the patient treated with the 
usual agents (e.g., epinephrine, antihista- 
mines, pressor amines, or corticosteroids). 

When Keflin is administered to patients 
with transient or persistent reduction of 
urinary output due to impaired renal func- 
tion, the total daily dose should be re- 
duced. Careful clinical observation and 
laboratory studies should be made, be- 
cause higher and more prolonged systemic 
antibiotic concentrations can occur (see 
Administration and Dosage below). 

When intravenous doses of cephalothin 
larger than 6 Gm. daily are given by in- 
fusion for periods longer than three days, 
they may be associated with thrombophle- 
bitis, and the veins may have to be alter- 
nated. The addition of 10 to 25 mg. of hy- 
drocortisone to intravenous solutions con- 


taining 4 to 6 Gm. of cephalothin may re- 
duce the incidence of thrombophlebitis. 
The use of small I.V. needles in the larger 
available veins may be preferred. 

Prolonged use of Keflin® (sodium cepha- 
lothin, Lilly) may result in the overgrowth 
of nonsusceptible organisms. Constant ob- 
servation of the patient is essential. If su- 
perinfection occurs during therapy, appro- 
priate measures should be taken. 

A false-positive reaction for glucose in 
the urine may occur with Benedict's or 
Fehling’s solution or with Clinitest® tab- 
lets but not with Tes-Tape® (urine sugar 
analysis paper, Lilly). 


Adverse Reactions: Hypersensitivity— 
Maculopapular rash, urticaria, reactions 
resembling serum sickness, and anaphy- 
laxis have been reported. Eosinophilia and 
drug fever have been observed to be asso- 
ciated with other allergic reactions. These 
reactions are most likely to occur in pa- 
tients with a history of allergy, particu- 
larly to penicillin. 


Blood—Neutropenia and hemolytic ane- 
mia have been reported. Some individuals, 
particularly those with azotemia, have de- 
veloped positive direct Coombs tests dur- 
ing cephalothin therapy. 


Liver—Transient rise in SGOT has been 
noted. 


Kidney — Rise in BUN has been ob- 
served; however, some patients with ele- 
vated BUN at the beginning of cephalo- 
thin therapy have had values return to 
normal during treatment. 


Local Reactions—Pain, induration, ten- 
derness, and elevation of temperature 


have been reported following repeated in- 
tramuscular injections. Thrombophlebitis 


has occurred and is usually associated, 


with daily doses of over 6 Gm. given by 
infusion for more than three days. 


Administration and Dosage: /n adults, the 
usual dosage range is 500 mg. to 1 Gm. 
of cephalothin every four to six hours. A 
dosage of 500 mg. every six hours is ade- 
quate in uncomplicated pneumonia, fu- 
runculosis with cellulitis, and most uri- 
nary tract infections. In severe infections, 
this may be increased by giving the injec- 
tions every four hours or, when the de- 
sired response is not obtained, by raising 
the dose to 1 Gm. In life-threatening infec- 
tions, doses up to 2 Gm. every four hours 
may be required. 


In infants and children, the dosage 
should be proportionately less in accord- 
ance with age, weight, and severity of in- 
fection. Daily administration of 50 mg. 
per Kg. (40 to 80 mg. per Kg. or 20 to 40 
mg. per pound) in divided doses has been 
found effective for most infections sus- 
ceptible to Keflin. 

For additional information regarding 
dosage and administration, see package 
literature. 


How Supplied: Ampoules Keflin® (Sterile 
Sodium Cephalothin, U.S.P.), equivalent 
to 1 Gm. cephalothin, 10-ml. size, rubber- 
stoppered, in packages of 1 and eggcrate 
cartons of 25; equivalent to 2 Gm. ceph- 
alothin, 100-ml. size, rubber-stoppered, in 
packages of 1 and eggcrate cartons of 10; 
equivalent to 4 Gm. cephalothin, 50-ml. 
size, rubber-stoppered, in packages of 1 
and eggcrate cartons of 10. [013173] 
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_ Three ways to 
minimize emergence 





reactions when you use 


Let's face it: nearly every anesthesi- 
ologist knows by now that Ketalar is 
an unusually effective general anes- 
thetic or induction agent, with a wide 
margin of safety. Many view it, in 
fact, as a major advance in the treat- 
ment of such high-risk patients as 
the very young and the very old... 
burn cases... accident victims... 
and those suffering from respiratory 
disorders such as emphysema. 

And nearly every anesthesiologist 
also knows from the literature (or his 
own personal experience) that some 
patients have experienced unpleas- 
ant emergence reactions following 
the administration of Ketalar. 

What is perhaps less known is 
that a combination of patient 
selection, addition of certain drugs, 
and the lessening of external stimuli 
has proved effective in reducing 
the incidence and severity of 
emergence reactions, These 
techniques are easy to apply and, 


® 


Ketalar 


(Ketamine HCI) 


according to many clinical inves- 
tigators, are remarkably useful. 
1. Presurgical medication 


High on the list of methods of reduc- 
ing emergence reactions are certain 
drugs used preoperatively. These 
reactions can often be prevented by 
administering: 

Droperidol, 0.1 mg/kg, IM, 

30 minutes before anesthesia. 


2. Postsurgical medication 


After surgery, emergence reactions 
can often be aborted or prevented 
entirely by administering one of the 
following: 
Droperidol, 0.07 to 0.1 mg/kg, IV 
Diazepam, 0.1 to 0.3 mg/kg, IV 
A subanesthetic dose of an 
ultrashort-acting barbiturate. 
3. Avoid tactile and auditory stimuli 
whenever possible 
The incidence of emergence reac- 
tions following Ketalar anesthesia 
appears to be profoundly affected by 
external auditory and tactile stimuli. 
Ideally, the patient should be 
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Parke-Davis 


(Ketamine HCI) 


engaged in calm, noncontroversial 
conversation (on a single subject, if 
possible) before surgery; afterward, 
he should be permitted to emerge 
from anesthesia with minimal audi- 
tory, visual, and tactile stimuli, 

Will the three preventive tech- 
niques discussed here — patient 
selection, drugs, and ambience — 
obviate all emergence reactions fol- 
lowing Ketalar anesthesia? No, but 
they will significantly reduce the 
incidence and severity of those 
reactions. 

Any assessment of Ketalar, how- 
ever, should take into account its 
many important advantages — 
especially for the high-risk patient, 
where efficacy and a wide margin of 
safety have made it increasingly 
valuable to today’s anesthesiologists. 

As more and more are discovering 
every day. 


See next page for prescribing 
information. 
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KETALAR (Ketamine Hydrochloride) 


SPECIAL NOTE: EMERGENCE REACTIONS HAVE OC- 
CURRED IN APPROXIMATELY 12 PER CENT OF PA- 
TIENTS. 


THE PSYCHOLOGICAL MANIFESTATIONS VARY IN SE- 
VERITY BETWEEN PLEASANT DREAM-LIKE STATES, 
VIVID IMAGERY, HALLUCINATIONS AND EMERGENCE 
DELIRIUM. IN SOME CASES THESE STATES HAVE BEEN 
ACCOMPANIED BY CONFUSION, EXCITEMENT, AND 
IRRATIONAL BEHAVIOR WHICH A FEW PATIENTS RE- 
CALL AS AN UNPLEASANT EXPERIENCE. THE DURA- 
TION ORDINARILY LASTS NO MORE THAN A FEW 
HOURS; IN A FEW CASES, HOWEVER, RECURRENCES 
HAVE TAKEN PLACE UP TO 24 HOURS POSTOPERA- 
TIVELY. NO RESIDUAL PSYCHOLOGICAL EFFECTS ARE 
KNOWN TO HAVE RESULTED FROM USE OF KETALAR. 
“THE INCIDENCE OF THESE EMERGENCE PHENOMENA 
IS LEAST IN THE YOUNG (15 YEARS OF AGE OR LESS) 
AND ELDERLY (OVER 65 YEARS OF AGE) PATIENT. 
ALSO, THEY ARE LESS FREQUENT WHEN THE DRUG IS 
GIVEN INTRAMUSCULARLY. 


THESE REACTIONS MAY BE REDUCED IF VERBAL, TAC- 
TILE, AND VISUAL STIMULATION OF THE PATIENT IS 
MINIMIZED DURING THE RECOVERY PERIOD. THIS 
DOES NOT PRECLUDE THE MONITORING OF VITAL 
SIGNS. IN ADDITION, THE USE OF A SMALL HYP- 
NOTIC-DOSE OF A SHORT-ACTING OR ULTRASHORT- 
ACTING BARBITURATE OR OTHER AGENT SUCH AS 
DIAZEPAM MAY BE REQUIRED TO TERMINATE A 
SEVERE EMERGENCE REACTION. CERTAIN DRUGS 
SUCH AS DROPERIDOL OR DIAZEPAM INTRAMUS- 
CULARLY HAVE ALSO BEEN USED IN AN ATTEMPT 
TO REDUCE THE INCIDENCE OF EMERGENCE REAC- 
TIONS: SUFFICIENT DATA HAVE NOT YET BEEN 
ACCUMULATED TO CONSTITUTE THOROUGH DOC- 
UMENTATION, THE INCIDENCE OF EMERGENCE RE- 
ACTIONS IS REDUCED AS EXPERIENCE WITH THE 
_ DRUG IS GAINED. 


‘WHEN KETALAR IS USED ON AN OUTPATIENT BASIS, 


| THE PATIENT SHOULD NOT BE RELEASED UNTIL RE- 
-a| COVERY FROM ANESTHESIA IS COMPLETE AND THEN 
SHOULD BE ACCOMPANIED BY A RESPONSIBLE 
ADULT. 


INDICATIONS: Ketalar is recommended: 1. as the sole 
anesthetic agent for diagnostic and surgical procedures 
that do not require skeletal muscle relaxation. Ketalar 
is best suited for short procedures but it can be used, 
with additional doses, for longer procedures. 2. for the 
induction of anesthesia prior to the administration of 
other general anesthetic agents. 3. to supplement low- 
potency agents, such as nitrous oxide. 


See package insert for full prescribing information. 


CONTRAINDICATIONS: Ketalar is contraindicated in 
persons in whom a significant elevation of blood pres- 
sure would constitute a serious hazard and those who 
have shown hypersensitivity to the drug. 


WARNINGS: Ketalar should be used by or under the 
direction of physicians experienced in administering 
general anesthetics and in maintenance of an airway 
and in the control of respiration. Cardiac function 
should be continually monitored during the procedure 
in patients found to have hypertension or cardiac de- 
compensation. Barbiturates and Ketalar should not be 
injected from the same syringe. Prolonged recovery 
time may occur if barbiturates and/or narcotics are 
used concurrently with Ketalar. Postoperative confu- 


sional siates may occur during the recovery period. 
Respiratory depression may occur with over-dosage or 
too rapid a rate of administration of Ketalar in which 
case supportive ventilation should be employed. Me- 
chanical support of respiration is preferred to adminis- 
tration of analeptics. 


USAGE IN PREGNANCY: Since the safe use in preg- 
nancy, including obstetrics, has not been established, 
such use is not recommended. 


PRECAUTIONS: Because pharyngeal and laryngeal re- 
flexes are usually active, Ketalar should not be used 
alone in surgery or diagnostic procedures of the 
pharynx, larynx, or bronchial tree. Mechanical stimula- 
tion of the pharynx should be avoided, whenever pos- 
sible, if Ketalar is used alone. Muscle relaxants, with 
proper attention to respiration, may be required in both 
of these instances. Resuscitative equipment should be 
ready ior use. The incidence of emergence reactions 
may be reduced if verbal and tactile stimulation of the 
patient is minimized during the recovery period. This 
does not preclude the monitoring of vital signs (see 
Special Note). The intravenous dose should be admin- 
istered over a period of 60 seconds. More rapid admin- 
istration may result in respiratory depression or apnea 
and enhanced pressor response. In surgical procedures 
involving visceral pain pathways, Ketalar should be sup- 
plemented with an agent which obtunds visceral pain. 
Use with caution in the chronic alcoholic and the 
acutely alcohol-intoxicated patient. An increase in cere- 
brospinal fluid pressure has been reported following 
administration of ketamine hydrochloride. Use with ex- 
treme caution in patients with preanesthetic elevated 
cerebrospinal fluid pressure. 


ADVERSE REACTIONS: Cardiovascular: Blood pressure 
and pulse rate are frequently elevated following admin- 
istration of Ketalar. However, hypotension and brady- 
cardia have been observed. Arrhythmia has also 
occurred. 


Respiration: Although respiration is frequently stimu- 
lated, severe depression of respiration or apnea may 
occur following rapid intravenous administration of 
high doses of Ketalar. Laryngospasms and other forms 
of airway obstruction have occurred during Ketalar an- 
esthesia. 


Eye: Diplopia and nystagmus have been noted follow- 
ing Ketalar administration. It also may cause a slight 
elevation in intraocular pressure measurement. 
Psychological: (See Special Note). 


Neurological: In some patients, enhanced skeletal mus- 
cle tone may be manifested by tonic and clonic move- 
ments sometimes resembling seizures. 


Gastrointestinal: Anorexia, nausea or vomiting have 
been observed; however this is not usually severe and 
allows the great majority of patients to take liquids by 
mouth shortly after regaining consciousness. 


General: Local pain and exanthema at the injection site 
have infrequently been reported. Transient erythema 
and/or morbilliform rash have also been reported. 


HOW SUPPLIED: Ketalar solutions containing the hy- 
drochloride in concentrations equivalent to ketamine 
base are available in 5, 10, 20, and 50 mi. vials. These 
vizls contain 100, 50, 10, and 10 mg./ml., respectively. 
Each vial is supplied individually and in cartons of 10. 
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Clinical trial experience 


Clinical trials establish the usefulness of 


Keflex in both the hospital and the office. 


Effective in an important range of 
infections 

Keflex is appropriate in a variety of 
infections that are treated in office 
practice: 

Respiratory infections, such as 
bronchitis, pneumonia, and 
bronchopneumonia, due to susceptible 
strains of Diplococcus pneumoniae 

Urinary tract infections caused by 
susceptible strains of Escherichia coli, 
Proteus mirabilis, or Klebsiella sp. 

Skin and soft-tissue infections due to 
susceptible strains of staphylococci, 
including coagulase-positive, coagulase- 
negative, and penicillinase-producing 
strains 


High blood levels, bactericidal 
activity in vitro 

With Keflex, peak serum levels are 
reached in one hour. For example, 
following a single 500-mg. dose, average 
peak serum levels are approximately 

18 mcg. per ml. 

In addition, in-vitro studies 
demonstrate that the cephalosporins 
exhibit bactericidal activity (by 
inhibition of cell-wall synthesis) against 
susceptible organisms. (The in-vivo 
mechanism cannot be determined, of 
course, because no method exists for 
clinical demonstration.) 


Acid stable, rapidly absorbed 


Because Keflex is acid stable, it may be 
given without regard to meals. 
Furthermore. it is rapidly absorbed after 
oral administration. 


A good choice in the office 


There are a host of reasons for 
prescribing Keflex with confidence in the 
office. That's why it is so often a good 
first choice when indicated. 


Note: Keflex is contraindicated in 
patients with known allergy to 
cephalosporins and should be used with 
great caution in patients allergic to 
penicillin. The most frequent side-effects 
are gastro-intestinal. 


*Keflex 


Prescribing Information 

Description: Keflex is a semisynthetic cephalo- 
sporin antibiotic intended for oral administration. 
It is 7-(D-a-amino-a-phenylacetamido)-3-methyl- 
3-cephem-4-carboxylic acid, monohydrate. 
Actions: Human Pharmacology —Keflex is adc 
stable and may be given without regard to meals. 
It is rapidly absorbed after oral administration. 
Following doses of 250 and 500 mg., average peak 
serum levels of approximately 9 to 18 mcg. per 
ml. respectively were obtained at one hour. Meas- 
urable levels were present six hours after admin- 
istration. Over 90 percent of the drug is excreted 
unchanged in the urine within eight hours. Peak 
urine concentrations are approximately 1,000 meg. 
per ml. during this period following a 250-mg. 
dose. 

Microbiology—In-vitro tests demonstrate that 
the cephalosporins are bactericidal because of 
their inhibition of cell-wall synthesis. Keflex is 
active against the following organisms in vitro: 

Beta-hemolytic streptococci/Staphylococci, in- 

cluding coagulase-positive, coagulase-negative, 

and penicillinase-producing strains/Diplococcus 
pneurnoniae/ Escherichia coli/ Proteus mirabilis/ 

Klebsiella sp. 

Note—Most strains of enterococci (Streptococ- 
cus faecalis) and a few strains of staphylococci are 
resistant to Keflex. It is not active against most 
strains of Enterobacter sp., Pr. morganii, and Pr. 
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Note-—Culture and susceptibility tests should be 

initiated prior to and during therapy. Renal func- 
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Warnings: IN PENICILLIN-ALLERGIC PATIENTS, 
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be administered for at least ten days. 
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resulted in deep sedation, coma, rarely convulsions and cardiorespira- 
tory symptomscompatible with depth of sedation. A paradoxical reaction 
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3. Medically-correct design matches the ae ee em 
needs of the patient with vascular disease of Seriously, isn’t that beautiful? 
the lower extremities. Ours obviously a 


provides this feature. PARKE-DAVIS a iin 
Result: our support hosiery does what ELASTIC SUPPORT HOSIERY 


support hosiery should do. It helps prevent They look funny- 


2. Two-way stretch is woven into the 
hosiery from bottom to top. So there's no 
need for a tourniquet-like band at the top to 
help keep the hosiery up. Ours obviously 
provides this feature. 





edema. Minimizes venous pooling of blood. until you . 
Helps reduce the leg pain associated with put them on. 
varicosities. Parke, Davis & Company * Detroit, Michigan 48232 
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for bronchopulmonary mucolysis 


| new double-blind cross-over 
investigations” confirm: 


L MUCOMYST vcs 
HIGHLY EFFECTIVE 


SALINE HIGHLY 
INEFFECTIVE 
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BRIEFLY... 
Acompilation of studies compared saline’ and Mucomyst* ina total of 153 patients 
Diagnoses of stable chronic obstructive lung diseases included chronic asthmatic 
bronchitis, emphysema, and emphysema with bronchitis 

Investigation thoroughly covered the areas of safety, pulmonary function, sputum | i. 1 oe 
volume and viscosity, subjective symptoms, and sputum cytology Tee E. 
Detailed analysis of the results in one study with 24 patients demonstrated that 


four primary parameters of efficacy actually worsened with normal saline and | 
all four significantly improved with 10% Mucomyst | 


"A 
INR. 


eS 








s ka 












arch Department, Mead Johnson Research Center, Evansville, Indiana. 
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COUGH FREQUENCY SPUTUM VISCOSITY 


at first decreased, then increased increased with saline...significantly 
with saline...consistently reduced thinner with Mucomyst 
POUT EXPIRATORY PHASE 

PROLONGATION 

a good index of airways obstruction— 
WHEEZE SEVERITY increased or remained unchanged 
increased with saline...significantly with saline...significantly reduced 
reduced with Mucomyst with Mucomyst 


One double-blind cross-over study which included analysis of 52 variables 
compared the effects of one week of normal saline therapy with the effects of one 
week of 10% Mucomyst in each of 24 patients. 


While large changes cannot be expected after one week's therapy in patients 
with stable chronic obstructive lung disease, of the variables that changed 
S55 a i | Significantly with saline therapy, more worsened 
than improved. However, of the variables that 
changed significantly with Mucomyst, the 

great majority were improvements in the 
patients’ status. 





CONCLUSIONS 

e Mucomyst decreases sputum viscosity—saline at best effects no change 

e Mucomyst reduces frequency of cough and severity of wheezing — saline 
increases them 

e Mucomyst reduces the length of the expiratory phase—saline causes no change 
or increases it 


Therapeutic compatibility of Mucomyst with isoproterenol and other broncho- 
dilators has been demonstrated in double-blind controlled studies totaling 134 
patients. No untoward effects requiring cessation of Mucomyst therapy were 
reported in these patients. 


MUCOMYST (xcericrstenp 


airway should be cleared by endotracheal aspiration, with or without cme gy E Asthmatics under treatment with Mucomyst should be watched carefully. If 
dverse Effects: Adverse effects have included Stomatitis, nausea 


Most patients with bronchospasm are quickly relieved by the use of a bronchodilator given by 


nebulization. Administration: Mucomyst may be administered by nebulization into a tent, Croup- 
ette, face mask, or mouthpiece, or by direct instillation. Mucomyst should not be placed directly into the M 
chamber of a heated (hot pot) nebulizer. Complete details on dosage, administration, and compatibility | | | 
are included in the package insert. Additional information may be obtained from Mead Johnson 


Laboratories. Supplied: Mucomyst” -10 (acetylcysteine) a sterile 10% solution in vials of 10 ml. ad30 LABORATORIES 
ml.: Mucomyst* (acetylcysteine) a sterile 20% solution in vials of 10 ml. and 30 ml. 


Te meam apa mee mee a ey | ema, ~ ~ -e 








The sensitive touch of talent comes through with our soft-dipped 
latex. Hands performing in TRIFLEX” Surgeon’s gloves move 
more freely throughout a lengthy surgical procedure. That’s be- 
cause the patented TRAVENOL mold contours gloves with natu- 
ral shaping, right from the wrist. Result: more freedom from 
strain against the thumb joint, stress across the palm. Fingertips 
are tapered for finer fit. 

Matte finish provides a good grip on instruments—less slip- 
pery when wet, and it won't get tacky. 

PowderIN processing cures powder right onto the latex, on 
the inside surface. Try the dark suit powder demonstration test 
with your TRAVENOL representative, 

Each pair is packaged in a handy waterproof plastic tray with 
Tyvek* lid...in compact dispenser cartons, for convenience 
and easy storage. Start a glove affair with TRIFLEX. ; 
Call your TRAVENOL representative today. 


Recognition for the independent thumb 

The contour molded thumb means more freedom from 
strain and stress caused by restrictive 2-plane molded 
gloves. *® DuPont 


CAUTION: After donning, remove powder by wiping gloves thoroughly 
with a sterile wet sponge, sterile wet towel, or other effective method. 


TRAVENOL LABORATORIES, INC. 


Deerfield, Illinois 60015 
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SENSITIVITY WITHOUT 
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Brief Summary. 


Consult the package literature for prescribing information. 


Actions: Keflin® (sodium cephalothin, 
Lilly) is a broad-spectrum antibiotic. 
Following a single 1-Gm. intravenous 
dose, blood levels have been about 30 
mcg. per ml. at fifteen minutes. Dos- 
ages of 2 Gm. given intravenously over 
a thirty-minute period have produced 
serum concentrations of 80 to 100 mcg. 
per ml. one-half hour after the infusion. 

The antibiotic passes readily into 
body fluids, e.g., pleural, joint, bile, and 
ascitic fluids. 


Indications: Keflin is indicated for the 
treatment of serious infections caused 
by susceptible strains of the designated 
micro-organisms in the diseases listed 
below. 


Respiratory tract infections caused 
by Diplococcus pneumoniae, 
staphylococci (penicillinase and 
nonpenicillinase-producing), group 
A beta-hemolytic streptococci, 
Klebsiella, and Hemophilus influ- 
enzae 


Skin and soft-tissue infections, in- 
cluding peritonitis, caused by 
staphylococci (penicillinase and 
nonpenicillinase- producing), 
groupA beta-hemolytic strepto- 
cocci, Escherichia coli, Proteus 
mirabilis, and Klebsiella 


Genito-urinary tract infections caused 
by Esch. coli, Pr. mirabilis, and 
Klebsiella 


Septicemia, including endocarditis, 
caused by D. pneumoniae, staph- 
ylococci (penicillinase and non- 
penicillinase-producing), group A 
beta-hemolytic streptococci, 


Streptococcus viridans, Esch. coli, V #2 


Pr. mirabilis, and Klebsiella 


Gastro-intestinal infections caused 
by Salmonella and Shigella species 


Meningitis caused by D. pneumoniae, 
groupA beta-hemolytic strepto- 
cocci, and staphylococci (penicil- 
linase and nonpenicillinase-pro- 
ducing) 

Bone and joint infections caused by 
Staphylococci (penicillinase and 
nonpenicillinase-producing) 


Contraindication: Previous hypersensi- 
tivity to cephalosporins. 


Warnings: BEFORE CEPHALOTHIN THER- 
APY IS INSTITUTED, CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVI- 
OUS HYPERSENSITIVITY REACTIONS TO 
CEPHALOSPORINS AND PENICILLIN. 
CEPHALOSPORIN C DERIVATIVES SHOULD 
BE GIVEN CAUTIOUSLY IN PENICILLIN- 
SENSITIVE PATIENTS. 

SERIOUS ACUTE HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE 
AND OTHER EMERGENCY MEASURES. 

There is some evidence of partial 
cross-allergenicity of the penicillins and 
the cephalosporins. Severe anaphylac- 
toid reactions have been reported with 
both drugs. 

Patients with allergy and hypersensi- 
tivity should receive antibiotics cau- 
tiously and only when necessary. 

Usage in Pregnancy—Safety for use 
during pregnancy has not been estab- 
lished. 


Precautions: Patients should be fol- 
lowed carefully to detect any side- 
effects or drug idiosyncrasy. If an al- 












9 
lergic reaction occurs, discontinue the 
drug and treat the patient with usual 
agents. 

Although alteration in kidney func- 
tion is rare, evaluation of renal status 
is recommended. Patients with im- 
paired renal function should be placed 
on a reduced dosage schedule to pre- 
vent excessive serum concentrations. 
Consult prescribing information. 

If thrombophlebitis or superinfection 
occurs, take appropriate measures. A 
false-positive reaction for glucose in the 
urine has been observed with some 
tests but not with Tes-Tape® (urine 
sugar analysis paper, Lilly). 


Adverse Reactions: Maculopapular rash, 
urticaria, pain, induration, tenderness, 
elevation of temperature, reactions re- 
sembling serum sickness, anaphylaxis, 
eosinophilia, drug fever, neutropenia, 
thrombocytopenia, hemolytic anemia, 
thrombophlebitis, transient rise in 
SGOT and alkaline phosphatase, rise in 
BUN, decreased creatinine clearance, 
and a positive direct Coombs test have 
been reported. [071873] 
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Keflin I.V. 
sodium cephalothin 


2 Gm* in 100-ml. ampoule 
*equivalent to cephalothin 
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Additional information 
available to the 
profession on request. 
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sodium cephalothin i 
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clinical investigation early in 1962 and 
was marketed on September 4, 1964. 
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Since the introduction of Keflin, 

the susceptibilities of commonly i 
encountered organisms, as measured 1 
by in-vitro methods, have not changed 
significantly. See brief summary 

for indications. 


* equivalent to cephalothin 


Please turn page for summary 
of prescribing information. 
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Y GRATITUDE to the members of the Association is 
M very great. It stems not only from the immense 
honor of serving as your President, but also for the priv- 
ilege of becoming a member comparatively early. This 
enabled me to hear and meet surgical leaders from 
areas of the country away from my own home such as: 
Evarts Graham, Roscoe Graham, W. Edward Gallie, 
Fred Coller, Howard Naffziger, Fraser Gurd, Sr., Allen 
Whipple, Dallas Phemister, Frank Lahey, Henry Cave, 
Dan Elkin, Richard Cattell, Howard Cray, Samuel Har- 
vey, Harvey Cushing, and many others. 

On two occasions the Association asked me to serve 
as its representative to the National Research Council 
which brought many welcome contacts with people in 
other disciplines. An even more significant assignment 
came in 1969 when Owen Wangensteen asked me to chair 
a committee on the purpose and function of the Ameri- 
can Surgical Association. I was joined on the committee 
by Drs. Walter F. Ballinger, II, Ben Eiseman, William 
D. Holden, Lloyd D. MacLean, Marshall J. Orloff, 
David C. Sabiston, Jr., and Bernard Zimmermann. The 
report of this committee reconfirmed the great value of 
the traditional programs of the Association. In addition, 
it proposed the formation of a Committee on Issues to 
direct attention to matters of national policy in which 
members of the Association had special concern and 
special expertise by virtue of their positions in Ameri- 
can surgery. 

Recognizing a community of interest with the Ameri- 


can College of Surgeons which proposed a study to 


Presented at the Annual Meeting of the American Surgical 
Association, Los Angeles, California, April 25-27, 1973. 


Presidential Address: 
The Quality of Surgical Scholarship 


JONATHAN E. RHOADS 


determine who performs the surgery for our citizens; 
the Study on Surgical Services for the United States,’ Or 
SOSSUS as it became known, was formed as a joint’ 
endeavor of the two organizations under the . able 
chairmanship oi Dr. George Zuidema. Ry FE 

As you know, Dr. Francis Moore has pressed foriata) 
the surgical manpower study which he originally: gate” J 
lined as a vice president of the College. . 7.53 Say, = 

It is now nearly a decade since the Congress’ passed... ’ 
the legislation providing Medicare and encouraging thes y 
states to provide Medicaid. Since 1963, when the pushi 2 
for this legislation gained strength, much.of the non; 
technical thinking presented before surgical audiences 
has dealt with the delivery of surgical care. The problems’ 
of the mass production of surgical care, with the re- 
quisite quality control, are enormously important and 
we can take pride as an Association in having sponsored 
the SOSSUS Study. 

A report on this study will be presented at a closed 
session of the Association at the breakfast hour tomor- 
row and I would urge every member who is here to 
attend, 

The American Surgical Association has still another 
responsibility in society—that of not only maintaining, 
but wherever possible, of enhancing the quality of 
scholarship in the field of surgery. It might seem un- 
democratic to say that this was even more important, 
but it can be said that the American Surgical Association 
is peculiarly fitted to uphold and indeed to enhance 
the quality of surgical scholarship. 

My reason for selecting this topic for emphasis is a 
fear that the quality of scholarship in surgery has been 
slipping and that in a broader sense the M.D. degree 
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has been demeaned in our time. Within the medical 
profession, is the surgeon thought of in the phrase at- 
tributed to John B. Deaver as a medical man and some- 
thing more? Or, have too many who call themselves 
surgeons become something less? 

The decline in prestige of the physician and of the 
surgeon is not all obvious. The caricatures in newspapers 
and magazines are not a new phenomenon. Some of the 
best of them were drawn in the 18th century and some of 
this sort of thing is only a kindly attempt to keep the 
members of a learned profession from taking themselves 
too seriously. 

My concern is more with the question of how many 
of our profession are learned—or even care to be. This 
year I am completing a brief term as Chairman of the 
Editorial Board of the Annals of Surgery. In this 
capacity I have read a good many hundred manuscripts. 
These are supposed to be original articles. Most of 
them are, but some represent relatively little addition 
to a data base provided by earlier authors. 

Furthermore, ‘some have to be turned down because 
they have actually been published elsewhere. Some re- 
lect the work of cthers without acknowledging it. A con- 
siderable portion of the material submitted is dotted 
with .errors in spelling, in grammar, and in sentence 
_ structure. When one particularly poorly written paper 
was returned, I suggested to the author that he had 
not-read the final draft. He wrote back, apologizing for 
theerrors and stating that it had come off an automatic 
typewriter and that, in point of fact, he had not read the 

„draft that was submitted. Since an automatic typewriter 
* has-no will of its own, I was reminded of the slogan of 


.“. “the computer programmers—“Garbage in-garbage out,” 


and rather concluded that he had not read the draft 
that went into the typewriter either. 

Other papers submit experimental data without con- 
trols or with purported controls that do not permit con- 
clusions. Still others may present good data, but without 
sufficient statistical analysis to permit the reader to know 
what the probability of error in the conclusions may be. 

These errors are cited partly to illustrate what is meant 
by unscholarly work. Some of the errors are purely 
intellectual; some violate the ethics of scholarship. 

When we speak of a scholarly person, however, we 
mean still more. We think of someone who reads purpose- 
fully and also widely. We think of one who can read in 
more than one language, of one who organizes his 
knowledge, so as to have rapid recall of it—this is what 
the computer experts call random access. We think of 
persons who keep their knowledge alive by constantly 
adding to it, both by reading, by word of mouth, and 
by experiment. 

Such individuals are reminiscent of the man blessed 
in the first psalm who ‘delighteth in the law of the Lord 
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and in His law doth he meditate day and. night.’ 

Thus, there are elements of enthusiasm and of energy 
in being a scholar, elements that were so prominent in 
a man such as Rudolf Matas as to almost separate him 
from his fellows. The tradition is that his Presidential 
Address lasted several hours and I personally heard 
him give a 45-minute discussion. 

Scholars are not all very imaginative. Fortunately, 
many of them are. Others serve as critics of the work of 
less careful investigators, showing their errors and reduc- 
ing their claims to those which will in fact stand up. 

Near the end of his life, Evarts Graham submitted 
a paper entitled “Considerations of Bronchogenic Carci- 
noma, to the Annals of Surgery. He was the sole author. 
Not only was it highly significant in its thought content, 
but in reading it carefully I could not identify a single 
error in spelling, in grammar, or in typing. Perhaps 
we should honor his secretary for this achievement, but 
we must honor Dr. Graham for caring enough about 
accuracy to provide for such a result. 

In reading manuscripts for this journal for over 25 
years, I believe this was the only one that was truly 
letter perfect—and it came from one of the busiest 
surgeons in the United States. 

These random experiences as an editor serve to alert 
one to a danger, but they are, after all, a very small 
sample. 

More significant are certain trends evident in the ac- 
tions of governments—from University governments to 
the Federal Government, 

To begin with, most politicians and government staff 
members describe what they want in quantity, as medical 
care of the highest quality, of course! This is a contradic- 
tion in terms. By using the superlative, one eliminates 
any practical possibility of reaching this objective. 

One might say I was being pedantic and that every- 
one knows what we mean. This can be challenged—it 
is very doubtful that everyone knows what we mean, 
or that everyone who glibly uses the phrase “highest 
quality, of course” means the same thing at all. I have 
even heard a Medical School Dean say that Dr. X, a 
candidate to chair a clinical department, who admittedly 
had an impressive bibliography, must be an accomplished 
clinician because he has passed the Board examinations 
in his specialty. 

We need to drop the superlative and accept the term 
high quality care and then focus on defining this. 

One of the thrusts of the Millis Commission Report 
was that the specialties were requiring too long a period 
of education and/or training. In the report, and in the 
wake of the report, have been numerous proposals to 
foreshorten such time requirements. Let me add these 
up. 


One is a proposal to compress the four years of college 
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and the four years of medical school to 6 years total. 
The internship, which often ran two years, was com- 
pressed. during World War II to one year and the second 
year was never restored. 

The American Board of Surgery, I believe, required 
five years beyond internship when it started in 1937. Soon 
it reduced this to four years beyond an internship and 
recently accepted the first year after the M.D. to be 
counted concurrently with the first year of residency. 
Thus, many graduates of medical school in the 30's had 
4+4+24+5 = 15 years after high school before þe- 
coming Board eligible in general surgery. Now it can 
be done on a 6 + 4 = 10 year after high school basis. 

Curricular changes in medical school are very wide- 
spread. The emphasis has been on giving the student 
what seems relevant to him, and in general to fore- 
shorten required courses and replace them with either 
elective courses or the duties formerly assigned to in- 
terns. 

The familiar designation of a subject area as a disci- 
pline is, of course, not a chance usage. It stems from 
the fact that thorough knowledge of a subject requires 
the necessary discipline to study the dull parts as well 
as the interesting parts, to learn many of the factual 
details from which the principles have been deduced, 
rather than to acquire merely a facile acquaintance 
with the principles, devoid of the basis of observation 
on which they stand. 

So seldom do students, once admitted to medical school, 
flunk out, that there is the opportunity for a student to 
become something of a dilettante in his medical studies. 
It is a reassuring observation that so few of them do. 

The specialty training programs, on the other hand, 
and especially those in surgery, are extremely demanding. 
As pointed out by Dr. J. D. Martin in his Presidential 
Address to the Southern Surgical Association in 1968, 
those who are training directors have a special responsi- 
bility to see to it that those going into surgery are 
thoroughly and not superficially educated. 

Meanwhile, what is going on in other countries? I 
will confine my comments to the English-speaking col- 
leges of which there are six outside of North America, 
plus the Canadian Royal College of Medicine and 
Surgery. All of these seven are examining bodies. It 
was my privilege to sit in on three basic science exami- 
nations and three clinical examinations in Capetown 
in 1972, Anatomy was conspicuously rigorous—too rigor- 
ous in my judgment, but on the other hand, we certify 
some surgeons with a frightening ignorance in this field. 
Physiology was quite similar to ours, and the clinical 
exams were perhaps sterner, but covered the same kind 
of material. 

The discussion which took place at the meeting of the 
representatives of the English-speaking Colleges, how- 
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ever, was not about shortening the period of training, 
but about lengthening it. The Australians were especially 
insistent that the Colleges in Great Britain depended 
too much on the examination and too little on clinical 
experience. The four surgical colleges in the British Isles 
are coming together on a common advanced specialty 
exam, for which any one of their four fellowships would 
be a necessary prerequisite. 

Turning agair to governmental attitudes, in the original 
Medicare legislation, persons over 65 were eligible for 
hospital care end on payment of a small fee, to a 
large measure of professional care. It was further pro- 
vided that the Federal government would make matching 
grants to states to provide similar service to the “medi- 
cally indigent” under the age of 65. The law provided 
that such state programs would lose their Federal 
matching if they did not improve their benefits by 1972 
to be equal to those under medicare for i over 
65. 

1972 has come and gone; this condition has in general 
not been met and under subsequent government deci- 
sions appears no longer to be required. Perhaps the 
original law was not realistic, but the change does 
represent a retreat irom the earlier objective of giving 
every patient the status of a private patient of a physician, : 
as opposed to being zhe ward of a hospital. | 

In the present scene we see increasing opposition to. 
the participation of physicians in governing boards~of 
Blue Cross plans, efforts to decrease their representation 
on Blue Shield plans, sluggish progress in adding them: . 
to the governing boards of hospitals. Instead we.-see.- 
mounting pressures to load the physicians with frequent, i 
long handwritings on hospital records, limitless con- 
ferences with patients under the American Hospital 
Association’s Patients Bill of Rights—in short, mounting 
pressures to make the physician an employee at a 
depreciating salary and to occupy his time with trivia 
completely enough to ablate his scholarly instincts. | 

In short, there are voices in government and indeed 
in medicine itself, calling for economy, if not at the 
sacrifice of quality, certainly at a risk to quality. 

To those who cculd demean surgery or medicine for 
immediate economy, the American Surgical Association 
must speak with unmistakable clarity. The worth of good 
health care greatly 2xceeds its cost. 

To this end, I believe the committee on issues should 
be reconstituted upon completion of the SOSSUS Study. 

Many of us serving as directors of surgical training 
programs have been drawn into the vortex of mass pro- 
duction. Part of the problem has probably arisen from our 
effort to step up the production of surgeons and we may 
have overdone it. The American Board of Surgery 
increased the number of men certified from 438 to 1940 
to 826 in 1972. Looking at certain of the academic medical 
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eenters, Halsted trained 17 senior residents between 
1892 and 1922, slightly over one in two years. In addi- 
tion, there were 55 others who had a year or more on 
his service. At the Hospital of the University of Pennsyl- 
vania approximately 79 men completed their general 
surgical training from 1925 to 1959, slightly over two 
per year. From 1959-1972, including those in the process 
in 1959 but not including those partially trained as of 
June 30, 1972, 76 completed their training in general 
surgery or almost six per year. I do not believe this 
acceleration is unique. 

As shown so clearly in the analyses presented by Dr. 
Francis Moore, Dr. Osler Peterson, and their colleagues 
at our 1972 meeting, the present rate of production of 
surgeons, if continued, would produce a higher surgeon 
to population ratio than the present M.D./population 
ratio by the year 2000. This conclusion was based on 
projections of a higher population growth rate than now 
exist. 
It seems fair to conclude, therefore, that our total num- 
ber of residency positions should be decreased in the 


near future and that it is a time to train better surgeons 


"rather than too many more of them. We will have a 


: “glearer fix on this as the SOSSUS manpower studies are 
_ completed. 


-After many years and long discussions by a number 


_ of people, there is now established a central coordinating 
. committee and two Liaison Committees—one on under- 
: -graduate education, one in the graduate education field, 
2 that is, house officer education. There is one still to be 


< formed on continuing education. Dr. C. Rollins Hanlon, 
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Graduate Medical Education. 

‘Thus, for the first time in the U.S.A., there has been 
established a central agency which might make effective 
récommendations concerning the number of residency 
opportunities that will be accredited in each field. 
Within such an allotment for general surgery, for instance, 
the tripartite review committee might be asked to scale 
-down either the number of hospitals approved for 


- residency or the number of residents in each program, 
-or both. 


The American Surgical Association has been a tre- 
-mendous force for quality in surgical scholarship. It has 
provided the most critical and the most attentive audience 
it has ever been my privilege to address. Few members 
send abstracts for consideration of the program com- 
mittee unless they have mature papers based on new 
data to present. Practically without exception, those 
finally accepted are splendid examples of surgical scholar- 
ship. It is a great privilege for any of us to present 
a paper here and particularly so for a young surgeon 
who is not a member. 


RHOADS 


Ann. Surg. + September 1973 


The privilege of having one’s paper considered by so 
many of the leaders of American surgery, the formal 
discussion at the sessions, and still more the informal 


discussion in the halls, and the chance to meet many of ~- 


the members, made an indelible impression on me as 
a guest at the St. Louis meeting in 1940 and has, I 
believe, had a stimulating effect on every young man in 
a similar position since. 

This, our association does superbly well and must 
continue as a central function. 

What more can we do? 

In considering measures, which we might take as an 
Association to further strengthen our central emphasis 
on enhancing the quality of surgical science and art, 
the following possibilities are suggested. 

Our programs are drawn almost entirely from North 


America. This is our forum and it is right that most of ` 


the 33 or 34 places on the program continue to be avail- 
able to our own constituency. However, those of us who 
have had the opportunity of attending meetings with 
the Surgical Research Society of Great Britain and the 
European Society for Experimental Surgery are acutely 
aware of the excellence of some of the work going for- 
ward in Europe. Travel in other parts of the globe 
indicates parallel activity. 

We could, I believe, benefit from greater input from 
abroad, Like the Committee on Issues, the addition of 
a class of corresponding members occurred in 1970, 
stemming in part from the review of the Association’s 
purposes and procedures which Owen Wangensteen 
instigated the preceding year. The objective was to join 
with us kindred spirits from overseas who are in the full 
swing of their most productive years—persons some of 
whom might become honorary members later, but 
probably by that time would have passed their most pro- 
ductive periods. Whether or not this dual nomenclature 
will prove acceptable in the long run, the objective 
of drawing in a few of the active contributors to surgical 
science abroad. is excellent. Unfortunately, travel 
costs are a real impediment to the success of this program. 
Many of those recommended by the Honors Committee 
and the Council cannot afford to come, and the Associa- 
tion has never budgeted to bring speakers from abroad. 

Another possible means of increasing our emphasis on 
surgical scholarship would be to offer an annual prize 
for the best paper presented each year by a non-member 
under 45. Such a prize might consist in provision for a 
travelling fellowship, which could provide the recipient 


with an appropriate reason to take three months, six . 


months, or longer off from his routine duties for study 


abroad, and fund his journey or a substantial part of it. - 


Finally, could we initiate a plan which would more 
clearly identify the good surgeon who is also an ac- 
complished and contributing scholar from the good 
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surgeon who uses the knowledge made available by 
others, but does not undertake the task of adding to it. 

Perhaps logic would dictate that we become bachelors 
of medicine at the end of medical school, masters of 
surgery at the end of a minimal surgical training, and 
only gain the Doctor of Medicine degree for carrying 
out advanced study and research. 

I am afraid we cannot turn the clock back to regain 
this logical stance. In the United States, the M.D. has 
become the standard credential for the practice of 
medicine at the primary care level, as well as in the 
specialties. Yet the difference is real, and the student who 
has the ability, the ambition, the energy, and the deter- 
mination to become a contributor to productive scholar- 
ship in our field deserves recognition in a form which 
is easily understood by the public, such as an additional 


~ academic degree. I propose that a small Ad Hoc Com- 


mittee be established to study this problem and report 
its findings and recommendations to the Association. 

Several of the foregoing proposals cost money-—par- 
ticularly those involving foreign travel. I live in the belief 
that the prompt transfer of new knowledge in the field 
of surgery is important enough to justify such an expendi- 
ture. A corollary of this view is that we should resist 
efforts of federal, state, or university governments 
to set our incomes at a level at which we cannot effectively 
serve those purposes to which we are dedicated. 

The ASA is a small organization and, in my judgment, 
it best fulfills its special purposes by remaining so. We 
have shown our willingness to increase our dues for the 
work of the Committee on Issues (currently the 
SOSSUS Study), and I hope the members may be willing 
to approve a continuation of this moderate contribution. 

However, I do not believe we should look to dues as 
the major source of funds with which to pay the over- 
seas travel costs of speakers we bring to our meetings, 
nor the costs of travelling fellowships or other awards 
we might make for the encouragement and advancement 
of young surgical scholars. It would seem likely, how- 
ever, that these objectives could be accomplished through 
voluntary contributions and bequests of endowment. 

To accommodate such a possibility, a small committee 
composed of Drs. William Altemeier, Lyman Brewer, 
Julian Johnson and Tom Shires has been appointed to 
study the tax status of the American Surgical Associa- 
tion to see if a mechanism such as an educational foun- 
dation could be set up through which contributors could 
support its educational programs with recognition of 
their gifts and bequests as qualifying for deduction from 
taxable income or estate. 


vs Meanwhile arrangements have been made with a 
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foundation for the support of a lecturer from overseas 
in each of the next two years on an interim basis, if 
Council after advice from the Program Committee 
should decide to avail themselves of it. If this plan is 
implemented, it would provide some experience on the 
basis of whick longer-range plans could be based. 

I would commend these suggestions for your considera- 
tion and before concluding would like to say a few words 
in a more personal vein. 

Two years ego I heard the retiring Professor of Eng- 
lish give the Commencement Address at Haverford 
College. The affection and respect of the students for 
him had led them to urge his selection as their speaker. 
Professor Frank Quinn woke me up when he said that 
each man’s self-image is constructed of the-feedback of 
numerous reactions from those other people who know 
him. I would add it is especially from those persons whom 
he respects the most. Together with certain members of 
my family and my church, you, the members of the 
American Surgical Association have largely constituted 
that circle of acquaintances for me. That you have been 


overgenerous, I know full well, so that I am grateful to. 


the other groups for their more realistic appraisals and’ 
most of all to my wife for her honesty as well as her lové.” 
May I seize this opportunity to thank you for the sighal 
honor of serving as your president and to wish. you’ all 
success, both individually and in your joint endeavors 
in surgery and for surgery through this Association. 
In conclusicn, the very simple thrust of this address. is. : 


to reaffirm the belief that our central mission in: woul $, 


surgery is to hold high the standards of surgical’: 


scholarship and thus to advance further the rich heri- ‘ 


tage of human help by which our profession ministers to - 
others. Our efforts to improve the distribution of medical 
care are of great importance and fully worthy of our. 
earnest support, but they, nor any other goals, mist: not 
deflect us fram a central emphasis on enhancing the 
quality of surgical care through sound scholarship. : 


. 
. 


Our first President, Samuel D. Gross, after serving’ as . 


Professor of Surgery in Cincinnati, New York, and Louis- 
ville and after having turned down invitations from the 


Universities of Lou iana: Virginia, and Pennsylvania, 


finally returned to his Alma Mater, Jefferson, in 1856- 
at the age of 51. I will end by reading a passage from his 


Inaugural Address. While we might not choose these 


words in 1973, their message is still full of meaning. 

He said: “Whatever of life and of health and of 
strength remain to me, I hereby, in the presence of 
Almighty God and of this large assemblage, dedicate to 
the cause of my Alma Mater, to the interest of medical 
science and to the good of my fellow creatures.” 


Biologic Fate of Autogenous Vein Implants 


as Arterial Substitutes: 


Clinical, Angiographic and Histopathologic Observations in Femoro-Popliteal 


Operations for Atherosclerosis 


D. EMERICK SZILAGYI, M.D., JOSEPH P. ELLIOTT, M.D., JOHN H. HAGEMAN, M.D., 


LTHOUGH autogenous vein grafts, the most nearly 
A ideal arterial substitutes, are widely used and their 
histologic behavior is undoubtedly an important factor 
in determining long-range patency, little is known about 
their biologic fate after implantation in humans, Re- 
ports of experimental findings in autogeneic vein grafts 


‘are fairly numerous? 4:15,18,19,21,22.28 (though often con- 


flicting in their conclusions), but only a few isolated 


“..@ases of clinical post-transplantation observations have 


: Been- described?-#:5.8,8,9,10,12,19,20 and no comprehensive 


ee z 


tüdy of the subject has been reported. To obtain a 
j “better understanding of the natural history of these im- 


plants, we have reviewed our experience with lower- 
limb atherosclerotic occlusive disease in which autogen- 
ous saphenous vein bypasses have been used during the 
period of 1962-1972. We report here our findings in 
correlating the clinical course of these cases with post- 
operative angiographic and histopathologic observations. 


Clinical Material. Method of Study. 


Case Selection. Our study is based upon 377 auto- 
genous venous bypasses performed in the lower extrem- 
ity, of which 316 were femoro-popliteal procedures and 
61 were infrapopliteal (Tables 1-4, Fig. 1). In a femoro- 
popliteal procedures, the vein bypass graft extends from 
the common or proximal superficial femoral artery to 
the popliteal artery below the level of the knee joint. 
In the infrapopliteal operation, the distal anastomosis 
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is formed between the graft and one of the branches 
of the popliteal artery from the point of its bifurcation 
to the level of the ankle. All operations were performed 
to correct the manifestations of atherosclerosis, almost 
entirely of the occlusive type. 

Method of Follow-up, The patients were examined 
by angiographic technics before discharge from the 
hospital unless the operation was an obvious clinical 
failure, in which case the angiographic study was 
omitted. In a few instances, because of complications 
in postoperative recovery, angiographic examination 
was delayed for as much as 6 weeks. After discharge, 
angiographic study was done at 1 year postoperatively 
and at intervals of 1-3 years thereafter. The technic 
of translumbar aortography used has been described in 
a previous report.?* When the proximal anastomosis was 
below the level of the common femoral artery, percutane- 
ous femoral arteriography was employed frequently. Of 
the total number, 289 patients had patent grafts, at 
hospital discharge, and among these 260 had undergone 
at least one postoperative angiogram; 214 had undergone 
femoro-popliteal procedures and 46 were in the infra- 
popliteal subgroup. Of the combined group involving all 
regions of the lower extremity, 64.5% of the patients had 
two or more angiograms and 26.3% had undergone three 
or more angiographic studies (Table 5). Clinical check-up 
examinations were carried our at 4 weeks and 6 months 
postoperatively and once every year thereafter. 

As of December 31, 1972, which was the closing date 
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FiP Venous Autografts for Occlustve Disease 
Immediate Results by Severity of Disease 


th et 


TABLE 1. 








Grade Total Open Closed Amputation Op. Mort. 
No. No. % No % No. % No. % 

I 2 2 100.0 0 0 0 0 0 0 
II 13 10 76.9 1 7.7 2 15.4 0 0 
iil 46 36 78.3 2 43 7 15.2 Lt 22 
Total 61 48 78.7 3 49 9 14.8 1 1.6 





of the survey, the clinical follow-up was complete in all 
the patients with or without angiograms, and the angio- 
graphic follow-up was complete in all the patients 
examined angiographically, within 6 months of the clos- 
ing date of the study. The clinical follow-up periods 
were considerably Jonger in the femoro-popliteal group, 
72.2% of this group ‘having been followed for 3 years 
or more and 46.5% for 5 years or more (Table 6). In 
femoro-infrapopliteal cases only 25% were followed 
clinically for 3 years or more (Table 7). The extent of 
angiographic follow-up disclosed similar comparative 
trends in the two anatomic groups. 

Method of Study. For the purpose of this study, all 
angiographic reports prepared by the authors at the 
time of the original angiographic examination were re- 
viewed. All the angiograms in the description of which 
some deviation from the normal had been noted were 
individually studied and details of the deviation were 
recorded. These details, together with the voluminous 
clinical data were transferred to punch cards and then 
to magnetic tape for computer manipulation. 

As formerly stated, the primary aim of the study was 
to detect structural changes in the vein grafts that could 
be correlated with the clinical course. Since the angio- 


` graphic information was abundant and adequate in more 


than 90%, of the patients, the primary factual base of our 
analysis was angiographic. The ultimate proof of struc- 
tural changes, however, are the grass and microscopic 
anatomic findings seen in the grafts themselves. How- 
ever, since recovered graft material, because of obvious 
practical exigencies, was relatively scarce, it was nec- 
essary to identify, in the first phase of study, the impor- 
tant angiographic changes in the voluminous roentgen 
material (Table 8) and then find their expression, as the 
second phase of the study, in recovered specimens by 


TABLE 2. F-P Venous Autografts for Occlusive Disease 


Immediate Results by Severity of Disease 











Total Open Closed Amputation Op. Mort. 

Grade No. No. % No. % No. % No & 
I 101 81 80.2 20 19.8 0 0 0 0 
IJ 78 56 71.8 14 17.9 6 7.7 2 2.6 
III 137 104 75.9 14 10.2 13 9.5 6 4.4 
Total 316 241 76.3 48 15.2 19 6.0 8 2.5 
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TABLE 3. 241 Femoro-popliteal Venous Autografts for Occlusgve 
Disease. Late Cumulative Patency Rates 





P.O. Length No. of Deaths 
of % during Year Cumulative 
Observation No. of Grafts Cumul. of no. of Patients 
(Years) Total Open Patency Observation Dead 
i 241 215 89.2 18 18 
2 208 177 85.1 15 33 
3 177 138 78.0 26 59 
4 139 100 71.9 8 67 
5 116 74 63.8 9 76 
6 95 51 53.7 5 81 
7 75 38 50.7 6 87 
8 59 28 47.5 1 88 
9 45 20 44.5 2 90 
19 25 li 44.0 2 92 
11 9 2 22.2 0 92 
12 5 t 20.0 0 92 


comparing the anatomic findings with the recorded 
angiographic appearances. A sufficient amount of graft 
material was obtained to make such a retrospective inter- 
pretation highly reliable. 

The recovered graft material came from two basically 
different sources (Table 9). Eight grafts were recovered 
from patients’ extremities who had died of various un- 
related causes. In the remaining cases various portions 
of the graft were recovered at the time of surgical 
correction of some angiographically recognized abnor- 
mality. The recovered graft material was photo- 
graphed, fixed for histologic studies, and stained 
with Gomori trichrome technic, hematoxylin-eosin, 
and orcein. 


Results eee 
ANGIOGRAPHIC FINDINGS ee ts 


Types of Lesions (Table 8, Fig. 2). Eight types of 
morphological alterations could be recognized in the - 
analysis of the extensive angiographic material. 

The most common change was a wavy narrowing of 
the lumen, interpreted as intimal thickening (Fig. 3). 
Generally, this occurred along fairly extensive sections of 
the graft, occasionally involving the entire graft. The 
lesion was reminiscent of the fibrin deposition seen 


TABLE 4. 48 *emoro-infrapopliteal Venous Autografts for Occlusive 
Disease Late Cumulative Patency Rates 


P.O. Length No. of Deaths 

of % during Year Cumulative 
Observation Mo. of Grafts Cumul. of no. of Patients 

(Years) Total Open Patency Observation Dead 

1 48 35 72.9 6 6 

2 33 19 57.6 2 8 

3 13 7 53.8 0 8 

4 5 4 80.0 i 9 

5 3 2 66.7 0 9 

6 2 1 50.0 0 9 

7 1 1 100.0 0 9 
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Fic. 1. Cumulative late 
patency rates of femoro- 
a deo and femoro-in- 
rapopliteal venous auto- 
grafts, 


% PATENGY 
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in femoro-popliteal plastic prostheses,” but of a lesser 
degree, and appeared to be slower in development and 
progression. As will be pointed out presently, the corre- 
sponding pathologic change assumed two forms: true 
subendothelial hypertrophy and intimal clot layering. 

Atherosclerosis, the second most common involvement 

among the structural deteriorations, was seen in 7.7% 
of the cases (Figs. 4-6 and C 10, C 11). The angiographic 
appearance consisted of an irregularity of the luminal 
surface, often associated with local dilatation of mild de- 
gree. In more advanced instances the irregular lumina] 
outline assumed the morphological characteristics seen in 
atherosclerotic arteries: the hunchback contour of a typ- 

ical atheroma. . 

_ Normal venous valve leaflets are often detectable in 
‘angiograms of vein grafts in the form of a cone-shaped 
ane filling defect; these lead to no loss of lumen. 
ehes fbr otic valve, on the contrary, is an abnormal 
Si siri cture that does not assume the desired flat position 

".Bvien*the vein graft is placed in situ and the blood is 





“allowed to flow along the inverted valve leaflets, A 


.. sharply defined short-segment narrowing of the lumen 
+ is the result, usually in the midshaft of the graft, in which 
the-yalves are more closely spaced (Fig. 7). 

The :so-called traumatic stenosis anatomically consists 
of a fibrotic thickening of the wall which reduces the 
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TABLE 5. Length of Observation and Number of Angiographic 
Examination. Lower Limb Venous Autografts 


Length of 
Observ. No. of Angiograms 
(Yrs.) 1 2-3 4-4 6-7 >7 Totals 
<1 83 12 0 0 0) 95 
1~2 8 54 1 0 0 63 
3~4 1 34 8 1 0 44 
5-6 0 23 8 1 1 33 
7-8 i T 4 i 0 13 
>8 0 5 4 3 0 12 
Total 93 135 25 6 1 260 


size of the lumen (Fig. 8). The designation implies 
trauma as the etiological agent but the evidence for this 
is not entirely secure. The defect occurs usually in a para- 
anastomotic position where a holding clamp is usually 
applied to the graft during placement of the anastomotic 
suture line. This topographic association between the 
site of a clamp and the appearance of a fibrotic stenosis 


‘strongly suggests that the cause of fibrosis is instru- 


mental trauma to the vein wall. 

Suture stenosis is perhaps the most obvious of these 
defects. It is the result of sutures applied too closely 
during ligation of the tributaries of the saphenous vein. 
It appears in the angiograms as a sharply localized 
stenotic ring. 

Aneurysmal dilatation is a readily recognizable abnor- 
mality consisting of an abrupt increase in the diameter 
of the graft, the dilatation being usually fusiform. More 
uncommonly, the increase in diameter may be saccular 
and multiple. In all the cases that we were able to verify 
by anatomic examination, the dilatation was accom- 
panied by atherosclerotic changes (Fig. 5), but the pos- 
sibility remains that nonatherosclerotic dilatation may 
also occur as the result of some intrinsic local structural 
deficiency. 

Two other abnormalities (not illustrated in Fig. 2) can 
be recognized in angiograms: an excessively long venous 


TABLE 6. Femoro-popliteal Venous Autografts As Arterial Bypasses 
Distribution of Maximum Periods of Follow-up Observation 


Clinical Angiographic 
Length of Follow-up (Yrs.) No. of Cases No. of Cases 
1 36 94 
2 31 27 
3 41 24 
4 21 19 
5 22 17 
6 23 14 
7 23 174(72.2%) 7 99(45.0%) 
8 10 $ 112(46.5%) 6S 56(25.4%) 
9 18 5 
10 13 6 
>10 3 i 
241 220 
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stump at the ligated points of the tributaries, and an 
anatomical variation in the course of the greater saphen- 
ous vein just above the knee, often called “loop forma- 
tion.” These abnormalities do not ordinarily constitute a 
threat to the patency of the graft. 

Time of Onset. In determining the time of onset of 
changes seen in angiograms, one encounters serious 
difficulties. In clinical material of the type here discussed, 
it is impossible to present a sequential series of angio- 
grams so spaced as to give the optimum information nec- 
essary to determine the onset of a given structural change. 
Nevertheless, a sufficient number of patients underwent 
angiographic examinations at appropriate intervals to 
permit a close approximation of the actual points in 
time marking the onset of the alterations (Table 8). 
The time of onset of these changes showed variations that 
were consistent with the pathologic characteristics of 
the lesions. Atherosclerosis and aneurysmal dilatation 
appeared rather late (45 and 20 months postoperatively ) 
as one would expect from the long period of time nec- 
essary for the evolution of these structural abnormalities. 
Suture stenosis, which, of course, has a practically in- 
stantaneous onset, was detected the earliest in the entire 
group. Fibrotic stenosis and intimal thickening occupied 
intermediate positions on the time scale. 

The Degree of Severity of Lesions. The degree of 
severity of the changes must be judged on an arbitrary 
scale. Since there are no available absolute measuring 
standards, this does not detract from the value of the 
classification. Moreover, the degree of severity leaned 
toward underestimation rather than overestimation of 
the particular change in question. Whenever a doubtful 
early change was noted, it was disregarded unless a 
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TABLE 7. Femoro-infrapopliteal Venous Autografis , 
as Arterial Bypasses 
Distribution of Maximum Periods of Follow-up Observations 


Clinical Angiographic 
Length of Follow-up te Seer 
(Yrs.) No. of Cases No. of Cases 
i 16 (33.3%) 23 (57.5%) 
2 20 (41.7%) 14 (35.0%) 
3 7 1 
: + 112(25.0%) (307.5%) 
; aJ iJ 
48 40 


second angiographic examination confirmed its presence. 
On this scale, about one-third of all the changes noted 
were advanced and about two-thirds were early. The 
degree of invo!vement had an expected correlation with 
the type of lesion. Owing to their anatomic characteris- 
tics, some of the lesions were easier to recognize early 
in their evolution. Other lesions progressed slowly and 
thus recognition was delayed, Atherosclerosis, in particu- 
lar, had to be moderately to markedly advanced before 
it could become recognizable in angiograms. 

Progression of the Lesion. Ideally, the recognition of 
progression of a morphological change in the graft should 
be based on inspection of serial angiograms over a rela- 
tively protracted time scale. For the reasons already men- - Bh, 
tioned, in a clinical study including humans, this plan is i 
not practicable. To reconcile the demands. of accuiacy.., 
with the exigencies of clinical practice, the following’¢ ‘det: 
inition of progression was adopted: (1) Worsening? She: 


the lesion in at least two consecutive angiograms; ( aye E 


the appearance of a lesion after one or more normal 


- “2° j 


TABLE 8. Structural Changes in 220 Femoro-popliteal and 40 Femoro-tnfrapopliteal Venous Autografts ee 
Seen in Postoperative Angiograms oe 


Time of Onset 


(Mos.) Degree of Severity 
Total eat 
Type of Lesion Number Range Mean +i +2 +3 
Intimal Thickening 21 (6-48) 16.2 16 5 0 
Atherosclerosis 20 (6-70) 45.2 9 5 6 
Fibrotic Valve 15 (6-60) 14.0 li Í 3 
Fibrotic 
Stenosis 11 (6-60) 19.1 6 5 0 
Suture Stenosis 8 (6-24) 9.0 7 17 0 
Aneurysmal 
Dilatation 10 (6-80) 28.0 7 1 2 
Total 85 (6-80) 23.9 56 18 1i 


* Progression: (1) At least two consecutive angiograms showing worsening of lesion; (2) Tke appearance of a lesion after one or more norma! 
angiograms; and (3) Lesion seen in an angiogram followed by closure of graft. 


Ultimate Fate of Lesion ` 


Cases Showing Observed Reoperated 

Progr* No Progr elas Closed Open Closed ,; 
No. % No. % No. % No. % No. % No. % 
14(66.6)  7(33.3) 15(75.0)  5(25.0) 1(All) O(—) 
1995.0) 1(5.0) 12(92.3) 1(7.7) 7(AIL ) O(—) 
11(73.3)  4(26.7) 4(36.4)  7(63.6) 4(All) 0(—) 
10(90.9) 19.1) 1(11.1)  8(88.9) 2(All) 0(—) 
6(75.0)- 2(25.0) 3(37.5)  5(62.5) 0(—) 0(—) 
5(50.0) 5(50.0) 9(90.0)  1(10.0) 0(—) 0(—) 
65(76.5) 20(23.5) 44(62.0) 27(38.0)  14(100) 0(—) 


Note: Lcop-formation (2 cases) and excessively long stumps of tributaries (2 cases), not being intrinsic, are not included. 
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o TABLE 9. Femoro-popliieal and Femoro-infra-popliteal Venous Autografts. Graft Material Recovered in Part or in Whole 
Structural Changes 
Months of Source of | Athero- Fibrotic Fibrotic Intimal 
Case Site Implantation Length(cm) Recovery _ sclerosis Valve Stenosis Thickening Multiple “Normal” 
Í F-P 44 whole Autopsy -+ 
2 F-P 31 whole Autopsy F 
3 F-iP 13 whole Autopsy + 
4 F-P 58 whole Autopsy -+ 
5 F-P 63 whole Autopsy Atherosclerosis 
with Dilatation 
6 F-P 90 whole Autopsy + 
7 F-P 14 whole Autopsy + 
8 F-P 10 whole Autopsy -+ 
9 F-iP 16 30 Surgical + 
10 F-P 59 20 Surgical Atherosclerosis 
with Dilatation 
i1 F-P 78 10 Surgical Atherosclerosis 
with Traumatic 
stenosis 
12 F-iP 6 10 Surgical -+ 
13 F-iP "10 5 Surgical + 
14 F-P 20 3 Surgical + 
15 F-P 13 1 Surgical + 
16 F-P 96 Biopsy Surgical + 
17 F-F 7 Biopsy Surgical 4+- 
18 F-P 59 Biopsy Surgical Atherosclerosis 
with Fibrotic 
Valve 
19 F-P 19 Biopsy Surgical + 
20 F-P 36 Biopsy Surgical + 
21 F-P 15 Biopsy Surgical -+ 


angiograms; and (3) the appearance of a lesion in an 
angiogram followed by closure of the graft. The only con- 
jéctural part of this definition deals with the establish- 


*. ment of progression after a single angiogram followed 
-.. by closure of the graft. This part of the definition pre- 


sumes that no other cause could be detected for eventual 
loss of patency in the graft. With this qualification the 
defmition has an acceptable degree of clinical accuracy. 
In the terms defined, all the angiographic lesions 
showed progression, albeit with some variations in the 
pate of progression. Progression was most consistent 
čin atherosclerosis and traumatic fibrous stenosis. Aneurys- 
al dilation appeared to be the least likely to progress 
‘but this may have been partly illusory since the patho- 
logic characteristic of the lesion retards its evolution and 
it seldom leads to thrombosis even in the late states, 
Ultimate Fate. The ultimate fate of these alterations 
was in keeping with the trend observed in their pro- 
gression. This trend, of course, is seen only in those lesions 
that were not subject to surgical correction. In this group, 
closure as an end result was particularly prevalent in all 
the various forms of stenotic changes. Atherosclerosis, 
on the contrary, was slow to lead to occlusion. The out- 
come of the evolution of the lesions was markedly and 
favorably influenced by reoperation. The results of 
operation were invariably excellent and no graft, in which 
a defect had been surgically corrected, occluded during 


the time of this study. As will be pointed out later, due 
to their pathologic characteristics some lesions are less 
suited fcr surgical repair, whereas others are eminently 
suitable for correction. Short segment stenotic lesions 
promise outstandingly good results. 


ANATOMIC FINDINGS 


Source of Material. The anatomic study of autogenous 
vein grafts has been very seriously hampered by the 
difficulties encountered in their recovery after death of 
the patients. The many practical reasons for this difficulty 
are obvious. Amputation specimens of grafts that have 
failed are much easier to come by but, unfortunately, 
very severe time limitations must be observed in the 
evaluation of grafts recovered in this manner. Very 
likely, after 3 or 4 weeks the histologic findings are 
impossible to interpret with accuracy and even in earlier 
specimens great caution must be exercised in the analy- 
sis of the findings. The operating room is an ex- 
cellent source of smaller pieces of vein material. This 
form of acquisition, however, introduces an obvious 
bias in the study of the natural behavior of these grafts 
since all the surgically available specimens have been 
preselected, that is, they have a recognized abnormality 
for which the surgical procedure is undertaken. When 
actual resection of an implant is not necessary in course 
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of a surgical procedure, biopsy also may prove very use- 
ful. Nor must one underestimate the value of careful 
inspection of the graft during surgical exploration, par- 
ticularly when the inner aspect of the graft is carefully 
exposed. 

We have succeeded in collecting anatomic informa- 
tion on 21 autogenous vein specimens. Seventeen of these 
specimens came from femoro-popliteal grafts and 
four from femoro-infrapopliteal grafts. The length of 
the recovered specimen varied from complete length 
to shorter segments 1 to 30 cm. in size, and to small biopsy 
specimens. The average period of implantation was 3 
years, ranging from 6 months to 8 years, Eight of the 
specimens, representing complete grafts, were obtained 
at autopsy and 13 were recovered at operative inter- 
ventions. 

Comparative Significance of Anatomic Findings —From 
the point of view of the inherent capability of venous 
autografts to serve as effective arterial blood conduits 
(the assessment of which is the principal goal of this 
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Fic. 2. Schematic representation of morphologic changes of 
venous autografts seen in angiograms. 
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Fic, 3. Angiograms of 
femoro-popliteal auto- 
genous vein bypass (a) 
two weeks and (b) 19 
months postoperatively. 
Stream-line-like narrow- 
ing of the lumen along 
most of the graft due, in 
this case, to deposition 
of fibrin clots on the 
intimal surface  (layer- 
ing). See also Figs. C7 
and C8 for correspond- 
ing microscopic changes. 





study) one must assign different orders of importance 
to anatomic changes that are due to extrinsic causes and... 
to those that are inherent in the histologic reaction of *` 
the graft to its post-implantation environment. With very 
few exceptions, the lesions of extrinsic etiology are con- 
fined to small areas with extensive intervening tissue 
segments that show no deviation from the normal process 
of incorporation. In cases of fibrotic stenosis due to 
trauma, fibrotic valve cusps, or suture stenosis, nearly 
the whole graft—aside from the site of the lesion—may 
be free of morbid change. Although, if uncorrected, they 
may cause graft failure, these local abnormalities, since 
they can be prevented or corrected, are not among the 
factors that determine the ultimate intrinsic serviceabil- 
itv of the graft. The lesions that are all-important with 
respect to structural durability are the intrinsic lesions, 
namely, atherosclerosis, intimal thickening, and aneurys- 
mal dilatation (the latter often being a manifestation of 





Fic. 4. Angiogram of 


femoro-popliteal venous 
autograft with athero- 
sclerosis (a) three 


months and (b) 4.5 
years after the primary 
operation. See also Figs. 
C10, C11, C12 from the 


Same Case, 





atherosclerosis); all these alterations tend to be diffuse. 

When calculating the frequency of the anatomic ab- 
normalities, another restriction must be kept in mind. 
Because of the statistical bias inevitable in the selection 
of cases for surgical correction, the incidence of the 
anatomic changes of importance for the ultimate fate 
of the graft should be established on grounds of the find- 
ings in autopsy rather than in operative specimens. 


Fic. 5. Angiograms of 
femoro-popliteal venous 
autograft showing the 
evolution of atheroscle- 
rotic changes (b) 2 
years and (c) 5 years 
postoperatively. See also 
Fig. C13 from the same 


case. 
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Among the autopsy specimens examined in this investi- 
gation, two were normal, one presented a very small 
area of mild traumatic stenosis, three showed diffuse 
atherosclerosis of modest degree, one showed athero- 
sclerosis with local dilatation, and one showed diffuse 
intimal hypertrophy. 

Gross and Microscopic Anatomy of Normal Graft In- 
corporation.—The concept of normality in judging the 
process of incorporation of a graft is defined as that 
anatomic picture that does not lead to structural changes 
unfavorable to normal function. Grossly, such grafts re- 
semble to varying degrees the macroscopic appearances 
of a normal saphenous vein (Fig. C3). The only devia- 
tion from the appearance of an intact healthy saphenous 
vein that the naked eye can detect is the thickness of 
the wall which is usually increased. Microscopically a 
rather characteristic set of histologic features subsume 
this “normal” appearance (see below). 

The microscopic features affect all three regions of 
the wall: intima, media, and adventitia, The intensity of 
change varies from layer to layer, and also from one 
region of the vein to another. Even grafts that are in- 


Fic. 6. Angiographic ap- 
pearance of sharply lo- 
calized atheroma four 
years, 9 months after 
femoro-popliteal auto- 
genous vein bypass. Fur- 
ther findings of the same 
case are shown in Figs. 
C14, C15, and C16, 
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volved in atherosclerotic changes may show segments 
that appear to be normal. 

To gain a clear comprehension of the changes of incor- 
poration, one must recall the normal histological appear- 
ances of the saphenous vein (Fig. C1). 

The histologic features of the (greater) saphenous 
vein are unique among venous structures. Because of its 
anatomic location that creates hemodynamic stresses 
unusual for a vein, it is thick-walled and very rich in 
smooth muscle and elastic tissue elements. The smooth 
muscle fibers are arranged in an inner longitudinal and 


an outer circular layer, extending through the entire 





Fic. 7. Angiograms of femoro-popliteal venous autograft (a) 2 
weeks and (b) 19 months postoperatively, and (c) 2 weeks 
after secondary repair. Arrow points to venous valve with thick 
fibrous cusps that have caused a well-marked stenosis. Clip 
(in c) marks site of repair. 
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Fic. 8. Angiograms of femoro-popliteal venous autograft show- 
ing fibrotic (traumatic) stenosis (a) 3 months after primary 
operation (the lesion is not yet recognizable), (b) 15 months 
after the primary operation, and (c) 2 weeks after secondary 
correction. 


thickness of the wall except the immediate subendothelial 
layer of collagen tissue and the outer portions of the 
loose connective tissue of the adventitia. In between the 
smooth muscle fibers of the media collagen fibers are 
interspersed forming about 20 percent of the total tissue 
mass. The intimal surface is bounded by a single layer 
of flat endothelial cells that rest on a narrow band of 
collagen tissue. As already mentioned, smooth muscle 
elements intrude to the very level of the subendothelial 
collagen tissue. The subendothelial collagen band and 
the intermingled smooth muscle elements, which at this 
level form scattered delicate bundles. are usually de- 


240 
raarcated from the media by an elastic lamina that often 
forms a continuous circular layer, much as the inner 
elastic lamina of a muscular artery. The adventitia, in a 
strict sense is not an intrinsic part of the vein wall. It is 
usually sharply marked off from the tightly structured 
circular muscle layer of the media by elements of loose 
composition that are intermingled with irregularly scat- 
tered elastic and, to a less extent, smooth muscle fibers. 
Nutrient blood vessels are fairly abundant in the ad- 
ventitia but penetrate only to the outer layers of the 
media. 

The most striking change in the process of normal 
incorporation occurs in the smooth muscle elements 
(Figs. C2, C4, C16). From the earliest to the latest 
observations covering a span of time of from 6 to 96 
months of implantation, a diminution of the smooth 
muscle fibers is evident. The proportion of the smooth 
muscle elements preserved varies and is difficult to cor- 
relate with the only readily definable factor influencing 
it: the length of implantation. Some late specimens may 
have occasionally more smooth muscle preserved than 
some earlier ones, very likely because of the existence of 
a host of unrecognizable factors that may hasten the 
devitalization of the smooth muscle fibers. (It is known, 
for instance, that the length of warm ischemia time after 
removal has distinct effects on the survival of smooth 
muscle tissue. A similar role must be assigned to mechan- 
ical trauma, ambient hydrogen ion concentration, and 
type of preserving solution.) Upon the whole, however, 
the longer the implantation the fewer the smooth muscle 
elements, It should be also noted that at times the per- 
sistence of smooth muscle elements is confined to two 
sharply defined regions: the immediate subendothelial 
and the outer medial regions, a phenomenon that may 
be related to the availability of blood supply. As the 
| smooth muscle fibers disappear, they are replaced by 
= collagen tissue which thus tends to form an increasingly 
more prominent proportion of the substance of the 
venous wall as the time of implantation lengthens. All 
the specimens we examined, however, had retained 
some, usually significant, amounts of smooth muscle tis- 
sue. (These observations are in accord with those of 
Wyatt on experimental preparations.'*.”* ) 

The intimal changes seen after implantation, al- 
though of nearly universal occurrence, must be regarded 
as an abnormal histologic event and will be described 
under the heading of morbid anatomy. 

The adventitia displays quite consistent and character- 
istic modifications of its structure. There is an ingrowth 
of vascular elements usually limited to the adventitia and 
outer media. The elastic elements in the adventitia are 
usually hypertrophic, and at times markedly so. 

Gross and Microscopic Anatomy of Morbid Changes.— 
As mentioned earlier, the histologic alterations that have 
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the decisive role in determining the ultimate functional 
fate of the graft are intimal thickening and athero- 
sclerotic degeneration. Both are diffuse processes (though 
they often show regional accentuation) and both are 
very common. In fact, some degree of intimal thickening 
is present in all grafts, and it is discussed under the 
heading of morbid anatomy mainly because it repre- 
sents a tissue change adverse to continued normal func- 
tion. 

The process of intimal thickening, a rather inelegant 
but necessary designation, is a complex one. At least two 
distinct pathological processes appear to underlie the 
changes that are described by this term. One process is 
the result of the response of the subendothelial venous 
wall—the subendothelial collagen and smooth muscle 
fibers—to the altered hemodynamic conditions in the 
lumen. It is manifested by an overgrowth of the sub- 
endothelial elements, mainly the subendothelial smooth 
muscle fibers (Figs. C9, C16). This reaction to the 
increased intraluminal pressure was seen in every speci- 
men examined except those in which its place was taken 
by a second variant of intimal thickening: the so-called 
fibrin layering. Fibrin layering is a process of deposition 
and organization of successive films of fibrin clot on the 
intimal surface when the restricted outflow tract or tur- 
bulent flow at the distal anastomosis reduces the veloc- 
ity of blood flow (Figs. C7, C8), Subendothelial hyper- 
trophy is a very graded and slow process and is much 
less readily discernible in angiograms than fibrin layer- 
ing, which progresses rather rapidly. Both of these 
changes are a threat to the continued function of the 
implant, but the danger of closure from layering is 
patently more serious. 

The atherosclerotic changes are both grossly (Figs. 11 
and C14) and microscopically (Figs. C12, C13, and C15) 
quite amazingly similar to those seen in arteries. Early 
fibrotic plaques with the beginning of lipid infiltration 
mark the earliest phase. The changes may be followed 
sequentially to the development of the entire athero- 
sclerotic complex with its amorphous necrotic center, 
underlying collagen base, and ulcerated intimal surface, 
usually covered by a layer of fibrin clot. These altera- 
tions are usually diffuse, but occasionally may be sharply 
localized perhaps due to some local mechanical factor. 
There appears to be a time dependence in the evolution 
of atherosclerotic changes. The older the specimen the 
more likely to show the change and the more severe 
the degree of change. About 80 percent of the implants 
examined two years or more after implantation showed 
evidence of atherosclerosis. 

The Possible Role of Atherogenic Factors.—Since 
systemic veins show an almost absolute resistance to the 
development of atherosclerosis, the question naturally 
arises whether the relatively high incidence of athero- 
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matous change in the veins used as arterial conduits in 
the lower extremity might not be the result of the pres- 
ence of particularly strong atherogenic factors in the 
patients. We tested this assumption by comparing the 
incidence of certain atherogenic factors in the two 
groups of patients—one with and the other without 
atherosclerotic changes in their grafts. A summary of 
these data is displayed in Table 10. In the first columns 
are listed the selected atherogenic factors and in the 
next two columns their incidence in the two groups being 
compared. It is readily seen that no significant differ- 
ences were demonstrated. 


Comments 


Validity of Angiographic Interpretation. Throughout 


_. the exposition of this study, morphological changes in 


the graft were interchangeably expressed in terms of 
angiography and anatomic description. The question is 
justified whether this process of equating angiographic 
shadows with changes that are structural and tridimen- 
sional is valid. The answer to this question must be given 
in terms of the evolution of this process of interpretation, 
When these angiographic findings were first encountered 
they were merely recognized as some sort of morpholog- 
ical defect, but no anatomic meaning was attached to 
them. As either postmortem or intraoperative exploration 
showed the nature of the lesions, certain angiographic 
appearances assumed anatomical significance. With 
increasing experience the interpretation became secure 
enough to permit extrapolation from angiographic 
shadow to anatomic structure. We have repeatedly ob- 
served morphological lesions that were first described 
in speculative anatomic terms only to be proven later 
to correspond precisely to the supposition of the tenta- 
tive diagnosis. It seems justified to say that this process 
has reached a clinically acceptable degree of accuracy. 
Assessment of the Value of Autogenous Vein Grafts. 
In any attempt to evaluate the worth of saphenous vein 
grafts in the lower extremity, a clear distinction must 
be made between the tissue acceptance of these auto- 
grafts and their functional usefulness. Tissue accept- 
ance is almost absolute. No histologic changes associated 
with homogeneic implants or foreign body implants can 
ever be observed. Not only is there no trace of rejection, 
but, in addition, the anatomic structure of the vein shows 
some changes that favor durability; the hypertrophy and 
hyperplasia of the connective tissue and elastic tissue 
elements of the adventitia are particularly significant in 
this respect. A particularly fortunate aspect of the incor- 


; poration of the graft is the generally good preservation 


of the smooth muscle elements. As will be pointed out 
below, the frequent absence of a normal intima and the 
changes in the subendothelial elements when an intima is 


TABLE 10. Incidence of Atherogenic Factors in 22 Patients with aud 
244 Patients without Atheromatous Graft Changes 


Cases with the Atherogenic Factor Present 


(A) (B) 
Atherogenic Grafts with Grafts without 
Factor Atherosclerosis Atherosclerosis 
No.* % No. % 
Males 18/22 81.8 185/244 75.8 
Total Lipids 7/22 31.8 55/153 35.0 
>900 mg./100 ml. 
Cholesterol 2/21 9.5 14/190 7.4 
>300 mg./100 ml. 
Triglycerides 8/14 57.2 47/71 66.2 
> 140 mg./100 ml. 
Cigarettes 12/21 57.1 101/237 42.6 
>1 pack/day 
Associated Diabetes 11/22 50.0 93/244 38.1 
Systemic** Involve- 14/22 63.7 179/243 73.7 


ment by Atherosclerosis 


* Denominator: Number of patients for whom the presence of 
the named factor was determined. 
Numerator: Number of patients in whom the factor was in 
abnormal range. 
** More than two organ systems involved. 
Note: Range of ages: Group A = 50-75 years; Group B = 28-84 
years. 
Mean of ages Group A = 61.1 years; Group B = 63.1 
years. 


preserved undoubtedly constitute a serious deficiency but 
their significance, under normal hemodynamic conditions, 
is a long-term one. 

In regard to the functional value, it must be considered 


under two aspects. The potential causes of graft de- - 


terioration appear alarmingly common if one considers `=- 


the crude statistical incidence (32.7%) of the lesions 
observed. From this observation alone one would predict 
that about one-third of the implants will develop serious 
defects most of which would threaten the long-term 
function of the graft. As has already been mentioned 


briefly, however, about one-half of the potential defects... 


are preventable or remediable (if detected early 
enough). Fastidious technic should avoid traumatic and 
suture fibrosis and, if. recognized promptly, fibrotic valve 
stenosis should be readily corrected. 

There still remain, however, the intrinsic lesions to 
which the graft is susceptible, namely, atheroclerosis and 
intimal thickening. Atherosclerosis in particular appears 
to be an inevitable ultimate abnormality that overtakes 
these implants commonly, and perhaps even universally, 
if they stay in situ long enough.”*-?" Fortunately, athero- 
sclerosis evolves very slowly, taking 4 to 6 years for 
development to a threatening degree. Subendothelial 
hypertrophy is also a progressive alteration and it follows 
a similarly insidiovs course. Both subendothelial hyper- 
trophy and mural layering are undoubtedly a major 
threat to patency whenever the distal hemodynamics are 
unsatisfactory. Under these conditions, apparently the 


“lige 
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game process is destined to occur in the autogenous 
vein graft as has been observed abundantly in synthe- 
tic femoro-popliteal prostheses but, fortunately, at a 
slower rate and less commonly. 

Relevance to the Question of Pathogenesis of Athero- 
sclerosis. The observations made on the atherosclerotic 
changes in these grafts have a particularly exciting 
theoretical implication. Since in the majority of the grafts 
with atherosclerosis no strong biochemical factor can be 
detected, the autogenous vein constitutes a good ex- 
perimental model for testing the importance of hemo- 
dynamic factors in the causation of atherosclerosis. 
Since in the same individual a peripheral vein will be 
totally immune to the process of atherogenesis when it 
is under the hemodynamic conditions of the venous 
system, but becomes fairly readily involved in the athero- 
sclerotic process when it is placed on the arterial side 
of the circuit, the conclusion is inescapable that the 
primary cause of the atherosclerotic involvement is hemo- 
dynamic. 

Correlation with Coronary Surgery. Another interesting 
speculative aspect of these findings is their possible 
significance in the evaluation of the use of saphenous 
venous autografts in the aorto-coronary circuit. Con- 
sidering the most important factors relevant to the lon- 
gevity of the graft, the two clinical uses are readily 
comparable. The vein material is the same, the surgical 
technical steps are alike, and the hemodynamic factors 
are similar. The differences are mainly qualitative and re- 


> late to the blood pressure relationships, tissue environ- 
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ment and the distal hemodynamics, Unfortunately all the 


differences are in the disfavor of the aorto-coronary pro- 
cedure. The arterial blood pressure is higher, the tissue 
bed in which the graft is placed is less receptive (less 
capable of creating a true environment for good incorpo- 
ration of the graft which is partly without tissue support) 
and the arterial outflow circuit is greatly constricted. 
These considerations suggest that the same intrinsic struc- 
tural lesions may be expected in the vein grafts used as 
aorto-coronary bypasses but possibly with an accelerated 
tempo of development. The sporadic reports on the ana- 
tomic changes in aorto-coronary venous autografts! 
14.16.17 strongly suggest that this assumption is correct. 

The Question of Prophylaxis.—An analysis of the be- 
havior of these grafts emphasizes the importance of cer- 
tain sample prophylactic measures in our attempt to 
prolong their usefulness. The avoidance of trauma in 
freeing the vein graft is an obvious requirement. Less 
evident is the need for the reduction of the time interval 
during which the vein graft is deprived of its blood 
supply at normal temperature (“warm-ischemia time”). 
This need can be met by allowing blood flow to con- 
tinue through the vein while it is being prepared and 
while its tributaries are being tied, and by placing it in 
a cold isotonic glucose solution at a pH near 7.0 while 
it is being stored before insertion. Very close postopera- 
tive observation of the grafts (preferably by angiog- 
raphy) for the earliest possible detection of changes that 
might be remediable also appears to be highly desirable. 


Se 
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' Fyc. Cl. Normal greater saphenous 


vein. Transverse section. X175. Note: In this and all following microscopic sections, the stain, 


“unless otherwise noted, is by the Gomori trichrome method, and the intimal surface is directed to the right. In the Gomori trichrome 


technic collagen stains green or greenish blue 


(the more mature the collagen fiber, the deeper the greenish hue), smooth muscle red, 


fibrin red, and elastic tissue violet. The approximate boundaries of the layers of the wall are marked by short black bars. I = intima, 


M z media, A = adventitia. 


Fic. C2. Greater saphenous vein after 31 months of implantation showing normal incorporation. X 130. 

Fic. C3. Grossly normal greater saphenous vein recovered 90 months after implantation. Uppermost segment represents the region of 
proximal anastomosis. 
Fic. C4. Microscopic section of graft in Fig. C3. Left: Gomori stain; right: Orcein elastica stain. x28. 
Fic. C5, Fibrotic valve cusps seen at surgical exposure. 
Fic. C6. Microscopic section of fibrotic valve in Fig. C5. X35. 
Fic. C7. Microscopic section of greater saphenous vein recovered 16 months after implantation. Fresh fibrin clots on intimal sur- 
face overlying partly organized older fibrin layers of different ages. Cf. Fig. 3. x70. 


Fic, 


Fic, 


C8. Section of greater saphenous vein recovered 20 months after implantation. Intima consists principally of organized fibrin clot 
with minimal smooth muscle elements. A more mature variant of intimal fibrin layering seen in Fig 
C9. Microscopic section of greater saphenous vein 19 months after implantation, Marked subendothelial hypertrophy with 


_ C7. Cf. Fig. 3. X100. 


abundant smooth muscle elements. x 63. 


Fic. 


C10. Arteriogram of greater saphenous venous autograft in midthigh with superimposed graft specimen showing atherosclerosis, 


78 months after implantation. 


Fic, 


Cll. Operating-room photograph. At hottom: diseased segment of venous autograft in midthigh (seen also in Fig. C10) exposed 


at time of replacement 78 months after implantation. At top: vein segment used for replacement. 
Fic, C12. Microscopic section of atheromatous lesion of diseased vein in Fig. Cll. X 115. 


Fic. 


C13. Microscopic section of ulcerated subintimal atheroma in greater saphenous venous autograft recovered 63 months after 


implantation. For angiographic appearance, see Fig. 5. x35. 


Fic. 


C14. Atheromatous intimal ulceration localized to vicinity of distal anastomosis in a greater saphenous venous autograft 58 
months after implantation. Postmortem specimen superimposed on arteriogram, For antemortem 


angiogram, see Fig. 6. 


Fic, C15. Microscopic section of atheromatous ulceration in Fig. C14. x28. 


n C16. Microscopic section from midshaft of graft in Fig. C14 showing normal incorporation. (Intima thick and rich in smooth 


muscle fibers; media markedly narrowed, with few smooth muscle elements; adventitia normal.) 35, 
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m Conclusions 


Autogenous vein transplants used as arterial sub- 
stitutes in the femoro-popliteal and femoro-infrapopli- 
teal regions shown excellent tissue acceptance, and the 
femoropopliteal grafts yield good functional results. After 
5 years of observation, 64%, and after 10 years of obser- 
vation, 44% of the femoro-popliteal grafts appear struc- 
turally sound and functionally unimpaired, 

Structural defects develop in 32.7 percent of the grafts 
as the result of technical mishaps (stenosis due to im- 
proper suturing and to instrumental trauma) and due to 
intrinsic tissue changes (subendothelial hypertrophy, 
layering of intimal thrombi, fibrosis of venous valves, 
and atherosclerosis ). All of these changes are progressive 
and may lead to the loss of patency of the graft. Some 
of these can be avoided by greater care in technique 
and others can be corrected if discovered early. Ath- 
erosclerosis and intimal thickening (i.e. subendothe- 
lial hypertrophy and fibrin layering) are not remediable 
and will continue to be a major cause of loss of graft 
function. 
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more commonly, progression of the atherosclerotic process in the 
inflow tract above or in the outflow tract below. 

Our experience in the last 3 years confirms his presentation. 
Our failures have usually been due to intrinsic diseases of the 
vein graft. Two conditions in particular should be mentioned. 
First, fusion of a venous valve. In reversed vein bypass grafts, 
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one would think that they would always be flattened against the 
wall. In perhaps one or two per cent fusion takes place. The 
other condition is fibrotic stenosis of the intima which may be 
atherosclerotic or a hemodynamic phenomenon. 

The major point to emphasize is that these patients should 
be followed very closely in the office or in the clinic and if any 
sign or symptom of deterioration is noted, prompt angiographic 
study should be carried out, hopefully before irrevocable changes 
have taken place with thrombosis, They can be corrected in 
the ways that Dr. Szilagyi outlined. 

The first slide shows a 2-year-old vein graft which was im- 
planted in the right femoro-popliteal area of a man in whom 
the saphenous veins had previously been stripped. This graft is 
a cephalic vein graft and it functioned well for 2 years. Abruptly, 
impending gangrene of the great toe developed which was ex- 
tremely painful. The pedal pulses were still present. An angiogram 
showed a 95% stenosis for one or two millimeters which was 
interpreted as being a fused valve. The patient was operated upon 
and a homologous vein graft bypass was implanted into the old 
graft and the intervening segment removed. The slide shows 
the fused valve with a tiny probelike opening. The graft has 
functioned well for another 2 years, The next slide shows another 
view of the specimen. 

The next slide is of a patient who was operated upon 2 years 
earlier with a cephalic vein bypass. He had previously had his 
saphenous veins stripped. This graft functioned well until he 
suddenly developed pain and coldness of the foot over a 12-hour 
period. Examination showed that the graft had closed. Thrombo- 
endarterectomy of the vein graft was performed with successful 
outcome. The slide shows thickening of the intima of the vein 
graft and there is an organizing thrombus. Also, a fresh thrombus 
of an estimated 12-hour duration is to be noted. It is amazing 
how long this must have been going on without producing 
obvious clinical symptoms until the acute thrombosis developed. 

The next slide shows a saphenous vein graft inserted 2% months 
earlier from the common femoral artery to the distal popliteal. 
He did well for 2% months when suddenly his great toe began 
to pain him. It was blue. Pulses were still present in the foot. 
An angiogram showed a marked stenosis of about 1 cm. near 
the distal end of the vein graft, proximal to the distal anastomosis, 
The specimen removed showed profound thickening which our 
pathologist tells us is intimal fibrosis. A fat stain showed no lipid 
deposit. The lumen was almost completely occluded. 

Once again, I think Dr. Szilagyi has done us a great service 
in presenting a beautifully documented paper which shows us 
how much can be done if these patients are followed carefully 
and are treated promptly. 


Dr. H. Wittiam Scorr, Jr. (Nashville): I wish principally, 
to call the attention of this audience to some experimental ob- 
servations made in our laboratory in recent years concerning the 
behavior of autogenous venous grafts in animals which are ex- 
posed to an atherogenic dietary regimen. 

This first slide summarizes an experimental study of responses 
of venous grafts implanted in the systemic arterial circuit in dogs. 

Eight dogs in this group had autogenous jugular vein grafts 
inserted by suture into the abdominal aorta. They were exposed 
to a high cholesterol diet for 7 to 12 months, average serum 
cholesterol was maintained at a range of 424 to 1336 mg/100 ml. 

At sacrifice, atheroma of gross severity was present ranging 
from minimal to severe degree in each of the eight animals, but 
in five of the eight only minimal atheroma was found in the 
host aorta, 

In contrast, in each of the venous grafts which remained patent 
(one was occluded), there was severe atheroma of diffuse degree 
consistently present. l 

In controls on ordinary regular diet, vein grafts and host aortas 
showed no disease. 

From this and multiple additional experiments with the same 
results, we have concede that in animals maintained on a 
atherogenic diet under the rigorous experimental conditions of 
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this study, the autogenous venous graft implanted in the systemic 
arterial circuit has a greater avidity for atheroma than does the 
host artery. 

This slide shows examples of the severity of gross atheroma 
in the aorta and in the vein grafts. These are gross specimens 
fixed in formalin and stained with Sudan-IV to show the lipid 
deposits in the subintimal tissues. 

Another group of experimental studies of vein grafts in the 
aorta is illustrated here. 

In this study control animals with vein grafts in the aorta were 
maintained on an atherogenic diet for a period of up to 12 months, 
and similar grafts were done in a test group kept on diet for 
the same period, which have been protected by preliminary use 
of distal intestinal bypass, 

None of the animals in the group with ilial by-pass, all of 
which had vein grafts in the distal aorta, showed any evidence 
of atheroma in the vein graft or in host aorta. 

In the control group, an example of which is shown here, 
the vein grafts showed consistently severe atheroma. 

The autogenous vein graft is ‘an extremely valuable arterial 
substitute in clinical vascular surgery. When it is used in treat- 
ment of atherosclerotic segmental disease, however, we should 
be keenly aware that the fundamental metabolic atherogenic 
status of the patient persists. 


Dr. Rakes A. Derer, Jr. (Boston): Dr. Szilagyi has pro- 
vided us with another one of his scholarly analyses of long-term 
results, 

It is of some interest that there has been a long-time awareness 
of difficulty with vein grafts since historically one of the earliest 
grafts done by Lexar, I believe, around 1916 namely developed 
an aneurysm, 

Having been associated with interest in synthetic grafts, we 
moved, with virtually the entire field, to the use of vein grafts 
and are sharing now some of the complications that Dr. Szilagyi 
has shown so nicely, 

We have also been interested in the assessment of the total 
patient who has difficulty with peripheral vessels. I would like to 
ask Dr. Szilagyi if in his analysis of these patients who demon- ` 
strated either symptomatic or angiographic evidence of significant 
disease, did he find other evidence of new significant athero- 
sclerotic vascular disease to a greater extent in those patients 
compared to his whole group? 

Secondly, what must be done in a patient who has run out of 
saphenous veins? Dr. Szilagyi showed some patients in whom he 
was still able to use the opposite ones. 

We described a compound graft about 15 years ago which we 
have had little occasion to use. It had a synthetic central portion 
and small pieces of vein with anastomosis and flexion pieces, T am 
curious as to whether he has had any occasion to use that graft 
or what other approach he would consider for these patients who 
continue to have complications. 


Dr. PauL Nemir, Jr. (Philadelphia): In reviewing the results 
of bypass grafts at our institution, we too have been impressed 
with the importance of the atherogenic tendencies of the host on 
the long-term fate of the graft. This has manifested itself in 
different ways between the arterial homograft on the one hand 
and the vein graft on the other hand, though this may be more 
apparent than real in view of a difference in the site of the 
implant. 

In patients with severe generalized atherosclerosis in whom we 
had the opportunity to study the aortic or iliac homografts, the 
atherosclerotic process developed in a rather uniform manner 
throughout the graft. 

With the vein graft, however, the major problem has seemed 
to be, at least in our experience, at the inflow or at the outflow 
and there has been minimal involvement of the body of the graft. 

This 54-year-old woman illustrates the problem in this group of 
patients with severe atherosclerosis. She was first seen with severe 
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i&hemia of the left leg resulting from a block of the superficial 
femoral artery. A femoro-popliteal vein graft was performed 6 
years ago. 

She came back about 2 years later with the same symptoms and 
a marked delay in the filling of the vein graft with a partial 
obstruction at the inflow tract. This was corrected by passing a 
graft from the iliac artery down to the previously implanted vein 
graft, She returned 9 months later with right leg ischemia and an 
arteriogram showed a complete block of the right superficial 
femoral artery, and a narrowing at the previous left femoro- 
popliteal anastomosis. The right side was corrected with a bovine 
heterograft femoro-popliteal bypass. 

A subsequent arterial study showed continued narrowing at the 
jeft femoro-popliteal anastomosis, necessitating passing another 
graft from the original vein graft down to the posterior tibial 
artery. We certainly would agree on the importance of careful 
follow-up. I would like to ask Dr, Szilagyi if he uses any measures 
routinely to attempt to alter an atherogenic tendency and if in his 
excellent follow-up studies there has been any influence on the 
fate of the implants where he has tried to do this. 

Dr. D, Emerick SziLacyi (Closing): I am grateful to the dis- 
cussors for touching on some aspects of my topic that T had no 
time to deal with. 

It is gratifying that Dr. Lord’s experience agrees with ours, 

Dr. Scotts work on experimental atherogenesis is well-known 
and important. Although observations have been reported that are 
different from his, I find his findings most convincing and cer- 
tainly in accord with clinical experience. 

As regards Dr. Deterling’s question, I should like to point out 
that there are four potentially useful veins to make recourse to, 
but assuming that there is no available venous transplant material, 
I would not hesitate to use a good quality Dacron graft, provided 
the operation was urgent, that is, if without it the patient would 
lose his leg or be incapacitated to support himself. 

Both Dr. Deterling and Dr. Nemir touched on the question of a 
possible increased tendency to atherosclerosis in the patients with 
atherosclerotic changes in the vein grafts, We have rather exten- 
sive data on the known atherogenic factors in all our patients, 
both in those with and in those without atherosclerotic changes 
in the grafts, and we find no significant difference in this respect 
between those with and those without graft alterations, Athero- 
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sclerotic patients as a group, of course, have a somewhat higher 
incidence of blood lipid abnormalities than a comparable non- 
atherosclerotic patient population, Nor was the systemic athero- 
sclerotic process more extensive or more advanced in those with 
changes in the grafts than in those without changes. 

The question raised by Dr. Nemir whether one should use 
some prophylactic measures to delay or prevent the atheroscle- 
rotic graft changes is of great practical importance. As our knowl- 
edge now stands, the only proven atherogenic factor that one 
can control with a reasonable expectation of success is the use of 
tobacco. We do strenuously warn our patients about the need to 
stop smoking. A low-fat diet with emphasis on the use of poly- 
unsaturated fats is also a reasonable measure; we recommend it 
but I doubt that we can effectively enforce it. 

There are two practical points that I should like to take a 
minute to mention. The question naturally arises whether these 
observations are applicable to the venous autografts used in aorto- 
coronary bypasses. I believe they do. Moreover, all the known 
factors that hasten degenerative changes in the vein grafts such 
as intraluminal arterial pressure, narrowed outflow tracts causing 
unfavorable distal hemodynamics, tissue environment, and asym- 
metry between the dimensions of the graft and those of the 
recipient artery are unfortunately augmented in aorto-coronary 
operations. Secondly, it would be well to bear in mind that basic 
physiologic considerations suggest that the shorter the warm 
ischemia time of the venous graft the less tissue damage one can 
expect. We have laboratory studies yet unpublished that strongly 
suggests that this is indeed the case. All efforts should be made, 
therefore, not to remove the vein from its bed until all its tribu- 
taries have been carefully tied, and the moment the vein is mo- 
bilized it should be cooled in a glucose solution of about 2-3° C. 

As a final remark, I would like to mention the intriguing rele- 
vance of these observations to the very broad and profound ques- 
tion of the etiology of atherosclerosis. When one realizes that a 
vein never shows evidences of atherosclerosis when it is in its 
normal anatomical and physiological environment but as soon 
as it is transposed in the hemodynamic environment of the arterial 
system it readily develops atherosclerosis, one cannot fail to con- 
clude that hemodynamic factors are of cardinal importance in the 
etiology of atherosclerosis. 
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This 40-needle 
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demonstrated to be clinically \ : 
superior to all other types’ 


è In clinical use since 1962 

èe Long term patency with excellent residual flexibility” 
è Preclots efficiently in heparinized blood” 

e Lowest calcification index” 


Ten solid years of engineering and physiological 
studies are behind this product. The original graft 
was developed and produced by W. M. Golaski in 
collaboration with Dr. S. A. Wesolowski. Its superior 
handling and healing properties are attributable to 
the exclusive Golaski designed 40-needle-to-the- 
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You expect your preoperative patient to be somewhat anxious 
and apprehensive about the scheduled surgery. But in some cases, 
psychic tension reaches undesirable levels 
as the time for the procedure approaches. 

In such situations, 10 mg Injectable 
Valium’ (diazepam), administered I.M. an 
hour or two before the operation, can lessen 
the undue anxiety and tension associated 
with strange surroundings and disturbing 
procedures. The calming effect is generally 
prompt and pronounced. What’s more, 










Valium (diazepam) can markedly reduce the 
patient’s recall of preoperative procedures. 
Injectable Valium seldom significantly 
alters vital signs. Nevertheless, there have been 
infrequent reports of hypotension and rare 
reports of apnea and cardiac arrest, usually 
following I.V. administration, especially in 
elderly or very ill patients». 
and those with limited we 
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Injectable Valium diazepam 


ready-to-use 2-ml Tel-E-Ject disposable syringes) 


Before prescribing, please con- 
sult complete product information, 
a summary of which follows: 

Indications: Tension and anx- 
iety states, somatic complaints 
which are concomitants of emo- 
tional factors; psychoneurotic states 
manifested by tension, anxiety, ap- 
prehension, fatigue, depressive 
symptoms or agitation; symptomatic 
relief of acute agitation, tremor, de- 
lirium tremens and hallucinosis due 
to acute alcohol withdrawal; adjunc- 
tively in: relief of skeletal muscle 
spasm due to reflex spasm to local 
pathology; spasticity caused by up- 
per motor neuron disorders; atheto- 
sis; stifl/man syndrome; tetanus; 
status epilepticus and severe recur- 
reht seizures; anxiety prior to gas- 
troscopy, esophagoscopy, and surgi- 
: cal procedures; cardioversion (I.V). 

Contraindicated: In infants; in 
patients with known hypersensitivity 
to the drug; in acute narrow angle 
+ glaucoma; may be used in patients 

© with open angle glaucoma receiving 
appropriate therapy. 

Warnings: Inject I.V. slowly, 
directly into vein; take at least one 
minute foreach 5 ma (I ml) given. 
Do not mix or dilute with other solu- 
tions or drugs. Do not add to IV. 
fluids. Rare reports of apnea or car- 
diac arrest noted, usually following 
I.V, administration, especially i in 
elderly or very ill and those with 
limited pulmonary reserve; dura- 
tion is brief; resuscitative facilities 
should be available. Not recom- 
mended as sole treatment for psy- 
chotic or severely depressed patients. 
Should not be administered to pa- 
tients in shock, coma, acute alcoholic 
intoxication with depression of vital 
signs. Caution against hazardous 
occupations requiring complete 
mental alertness. Advise against 
simultaneous ingestion of alcohol 
and other CNS depressants. With- 
drawal symptoms (similar to those 
with barbiturates and alcohol) have 
occurred following abrupt discon- 
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tinuance (convulsions, tremor, ab- 
dominal and muscle cramps, vomit- 
ing and sweating). Keep addiction- 
prone individuals under careful 
surveillance because of their pre- 
disposition to habituation and de- 
pendence. In pregnancy, lacation or 
women of childbearing age, weigh 
potential benefit against possible 
hazard to mother and child. 

Precautions: If combined with 
other psychotropics or anticonvul- 
sants, carefully consider individual 
pharmacologic effects—particularly 
with known compounds w hich may 
potentiate action of Valium 
(diazepam), such as phenothiazines, 
narcotics, barbiturates, MAO in- 
hibitors and other antidepressants. 
Usual precautions indicated in pa- 
tients severely depressed, or with 
latent depression, or with suicidal 
tendencies. Observe usual precau- 
tions in impaired renal or hepatic 
function. Not recommended for 
bronchoscopy, laryngoscopy, obstet- 
rical use, or in diagnostic pro- 
cedures other than gastroscopy 
and esophagoscopy. Laryngospasm 
and increased cough reflex are pos- 
sible during gastroscopy; necessary 
countermeasures should be avail- 
able. Hypotension or muscular 
weakness possible, particularly when 
used with narcotics, barbiturates or 
alcohol. Since effect with narcotics 
may be additive, appropriate reduc- 
tion in narcotic ogan iS oen 
Use lower doses (2 to 5 mg) for el- 
derly and debilitated. Safety and efh- 
cacy in children under 12 not 
established. 

Side Effects: Drowsiness, fa- 
tigue, ataxia, confusion, depression, 
constipation, dysarthria. diplopia, 
headache, hy ypoactivity, hiccups, 
hypotension, incontinence, Jaundice, 
nausea, changes in libido, changes 
in salivation, phlebitis at injection 
site, urinary retention, skin rash, 
syncope, slurred speech, urticaria, 
tremor, vertigo, blurred vision. Para- 
doxical reactions such as acute hy- 


perexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, 
insomnia, rage, sleep disturbances 
and stimulation have been reported; 
should these occur, use of the drug 
should be discontinued. Isolated re- 
ports of neutropenia, jaundice; pe- 
riodic blood counts and liver func- 
tion tests advisable during long-term 
therapy. Minor EEG changes, usu- 
ally low-voltage fast activity, of no 
known significance. 

Dosage: Usual initial adult dose 
is 2 to 10 mg I.M, or I.V., depending 
on indication for use. Lower doses 
(usually 2 to 5 mg) with slow dosage 
increase for elderly or debilitated 
patients and when sedative drugs 
are added. (See Precautions and Ad- 
verse Reactions.) In gastroscopy and 
esophagoscopy, 5 to 10 mg, I.M. or 
ILV., 30 min. prior to procedure. As 
preoperative medication, 10 mg, 
I.M., | to 2 hours before surgery. In 
cardioversion, 5 to 15 mg, L.V., within 
5 to 10 min. prior to procedure. Give 
I.V. injections slowly; take at least 1 
minute for each 5 mg (1 ml). 

In acute conditions injection 
may be repeated within | hour, al- 
though interval of 3 to 4 hours is 
usually satisfactory; not more than 
30 mg should be given within 8-hour 
period, Once acute symptomatology 
has been properly controlled with 
injectable form, patient may be 
placed on oral form if further treat- 
ment is required. 

Supplied: Valium® (diazepam) 
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10 ml, boxes of 1; Tel-E-Ject® 
(disposable syringes), 2 ml, boxes of 
10. Each ml contains 5 mg diazepam 
compounded with 40% propylene 
glycol, 10% ethyl alcohol, 5% sodium 
benzoate and benzoic acid as 
buffers, and 1.5% benzyl alcohol as 
preservative. 
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Proctofoam-HC, unique mucoadhesive 


foam, medicates the anorectal mucosa 
more rapidly and thoroughly 
than suppositories “’ 


e better contact with the involved tissues; spreads 
evenly throughout anal canal, rectal crypts, papillae 
and hemorrhoidal sites. 

e unlike suppositories, won't “bypass” areas of pathol- 
ogy often missed by creams and suppositories. 1:4.56 

e unlike suppositories°—spreads evenly, with no 
need to melt. 


Proctofoam-HC offers greater 
promise of a short and pain-free 

postoperative period 

e faster wound healing!3:> (2% to 3 weeks instead of 
the expected 3% to 4 weeks).° 

e less scar formation—wounds more pliable, with 
clean, healthy-looking, granulating tissue.3 

e less edema, inflammation, swelling, itching, pain 


and tenesmus.!:3,5.6 
e preferred by patients over other forms of therapy.!:45 


| Compared to suppositories, 
Proctofoam-HC provides greater patient 
comfort, convenience and economy 


e measured-dose applicator facilitates self-admin- 
istration with minimal discomfort! and eliminates 
finger contact with perianal area. 

e mucoadhesive foam won't leak or stain.2:4 

e foam container requires no refrigeration. 

e less than half the cost of hydrocortisone-containing 
Suppositories per application. 
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Each measured dose (approx. 6.5 ml.) delivers 
hydrocortisone acetate 1%, pramoxine hydrochloride 1%, 
in a water-soluble, mucoadhesive foam base. 


antiinflammatory/antipruritic/ analgesic 


References: 1. Bernstein, |.: Surg. Dig. 4:23, Jan. 1969. 
2. Sladek, W. R.: Scientific Exhibit, 69th Annual Meet- 
ing of American Proctologic Society, April 1970. 
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Active Ingredients: Hydrocortisone acetate, 1%, 

and pramoxine hydrochloride, 1%, in a mucoadhesive 
foam base. 

Indications: Temporary relief of anorectal inflammation, 
pruritus, pain and swelling associated with hemorrhoids, 
proctitis, cryptitis, fissures, postoperative pain and 
pruritus ani. 

Contraindications: Abscess, extensive fistulas or sinus 
tracts, tuberculosis, varicella, vaccinia or acute herpes 
simplex. 

Precautions: A complete rectal examination to rule out 
serious pathology should be completed before instituting 
therapy. Do not use on infected lesions unless accom- 
panied by antiinfective agents. Discontinue use if 
sensitivity develops. 

Caution: Do not insert any part of the aerosol container 
into the anus. Contents of the container are under pres- 
sure, but not flammable. 

Dosage: One applicatorful two or three times daily and 
after each bowel evacuation. Perianally, apply as needed. » 
How Supplied: In aerosol container providing 15 Gms. 

of medication (approx. 25 applications) with special rec- 
tal applicator and patient instructians. ie 
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Vix one vial of ELASE 
yowder with 50 to 
100 ml. of sodium chlo- 
‘ide solution and satu- 
rate strips of fine-mesh gauze 

with the ELASE/saline solution. 


Allow gauze to dry in contact 

with the lesion (approximately six 

to eight hours). As the gauze dries, 
the necrotic tissues slough and 
become attached to the gauze mesh. 









Pack the ulcerated area with 
the ELASE-saturated gauze 
strips...making sure the satu- 
rated gauze remains in contact 
with the necrotic substrate. (If the 
lesion is covered with a heavy eschar, 
it must be removed surgically before - 
wet-to-dry debridement is begun.) 
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mechanically debrides the ` w 
area. Repeat wet-to-dry 
procedure three to four 
times daily since frequent 
dressing changes greatly 
enhance results. 

Note: After two, three, or four 
days of ELASE wet-to-dry 
dressings(depending onseverity 
of lesion), the area becomes free 
of necrotic material and starts to 
fill in with granulation tissue. 
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INDICATIONS: Elase is indicated 
for topical debridement in general 
surgical wounds, ulcerative 
lesions, burns, circumcision and 
episiotomy, and in cervicitis and 
vaginitis. Elase is used as an irri- 
gating agent in infected wounds, 
otorhinolaryngologic wounds, and 
superficial hematomas (except 
when the hematoma is adjacent to 
or within adipose tissue). 


CONTRAINDICATIONS: Elase is 
contraindicated in individuals 
with a history of hypersensitivity 
reactions to any of the compo- 
nents. Elase is not recommended 
for parenteral use since the bovine 
fibrinolysin may be antigenic. 


PRECAUTIONS: The usual precau- 
tions against allergic reactions 
should be observed, particularly 
in persons with a history of sensi- 
tivity to materials of bovine origin 
or to mercury compounds. 

To be maximally effective, Elase 
solutions must be freshly pre- 
pared before use. The loss in 
activity is reduced by refrigera- 
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tion; however, even when stored 
in a refrigerator, the solution 
should not be used 24 hours or 
more after reconstitution. 


ADVERSE REACTIONS: Side 
effects attributable to the enzymes 
have not been a problem at the 
dose and for the indications 
recommended. With higher con- 
centrations, local hyperemia may 
be a side effect. 


HOW SUPPLIED: Elase (powder) 
is supplied dried in 30-cc. rubber- 
diaphragm-capped vials contain- 
ing 25 units (Loomis) of fibrinolysin 
and 15,000 units (modified 
Christensen method) of desoxyri- 
bonuclease with 0.1 mg. thimerosal 
(mercury derivative). 

Elase Ointment is supplied in 
30-Gm. tubes containing 30 units 
(Loomis) of fibrinolysin and 
20,000 units of desoxyribonu- 
clease with 0.12 mg. thimerosal 
and in 10-Gm. tubes containing 
10 units of fibrinolysin and 6,666 
units of desoxyribonuclease with 
0.04 mg. thimerosal. 


Parke, Davis & Company, Detroit, Michigan 48232 
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-indicated for all types and degrees of 
moderate to severe pain with dosage that you can 
increase from 30 mg. to 45 mg. or 60 mg. 
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Incidence of 
No. excellent 
Type patients to good 
of pain Dosage studied analgesia Adverse Reactions 
“As the study progressed, the dos- 
ost- 30 29 79.3% , 
P l mg. ° age was increased to 45 and 60 mg. 
epareve to determine whether higher doses 
pain'* Smg. 70 83.0% g ees 
would produce greater analgesia with- 
. . 4 
60 mg. 101 94.0% out an increase in adverse effects. 
‘Only a few minor side effects were 
observed.” 
A “At the start of the study, adult 
_ o . . j 
a. 30 mg. 68 94.0% patients were given 30 mg. doses. It 
abe or was found, however, that a 60 mg. 
p 60 mg. dose gave better analgesia with no 
noticeable difference in tolerance.” 2 
*Study based on response to a single dose. 
tStudy based on multiple doses, according to patient need. 
References: 1. Finestone, S. C. and Katz, J.: Pentazocine as a postoperative analgesic, 
Anesth. Analg. 45:312, May-June 1966. 2. Snow, E. W.: Pentazocine—clinical evalua- 
tion, Abdom. Surg. 9:150, May 1967. 
Provides relief comparable to that of morphine and meperidine, but 
with fewer significant adverse effectstt 
e Compared to morphine, Talwin causes less severe respiratory 
depression, hypotension, urinary retention, constipation. 
e Compared to meperidine, Talwin is less likely to cause nausea, 
vomiting, diaphoresis. 
è Not subject to narcotic controls. 
tt See next page for a complete discussion of Warnings, Precautions, Adverse Reactions, 
and other Prescribing Information. 
Injectable 


(as lactate) 





Talwin® 
Brand of pentazocine (as lactate) 
Analgesic for Parenteral Use 







Ampuls: 30 mg. (1 m.),45 mg. 
(1% ml), and 60 mg. (2 ml.) 
Vials: (10 mi.) 30 mg./ml. 

0 mg. for I.V., I.M., or S.C. use 
45 mg. for I.M. or S.C. use 
60 mg. for I.M. or S.C. use | 





indications: For the relief of moderate to se- 
vere pain. Talwin may also be used for pre- 
operative or preanesthetic medication and as a 
supplement to surgical anesthesia. 
Contraindication: Talwin should not be admin- 
istered to patients who are hypersensitive to it. 
Warnings: Drug Dependence. Special care 
should be exercised in prescribing pentazocine 
for emotionally unstable patients and for those 
with a history of drug misuse. Such patients 
should be closely supervised when long-term 
therapy is contemplated. There have been in- 
stances of psychological and physical depend- 
ence on Talwin in patients with such a history 
and, rarely, in patients without such a history. 
Abrupt discontinuance following the extended 
use of parenteral Talwin has resulted in symp- 
toms such as abdominal cramps, elevated tem- 
perature, rhinorrhea, restlessness, anxiety, and 
lacrimation. Even when these occurred, discon- 
tinuance has been accomplished with minimal 
difficulty. In the rare patient in whom more 
than minor difficulty has been encountered, re- 
institution of parenteral Talwin with gradual 
withdrawal has ameliorated the patient's symp- 
toms. Substituting methadone or other nar- 
cotics for Talwin in the treatment of the Talwin 
abstinence syndrome should be avoided. 

in prescribing parenteral Taiwin for chronic 
use, particularly if the drug is to be selt-admin- 
istered, the physician should take precautions 
to avoid increases in dose and frequency of in- 
jection by the patient and to prevent the use of 
the drug in anticipation of pain rather than for 
the relief of pain. 

Just as with all medication, the oral form of 
Talwin is preferable for chronic administration. 
Head Injury and Increased Intracranial Pres- 
sure. The respiratory depressant effects of 
Talwin and its potential for elevating cerebro- 
spinal fluid pressure may be markedly exag- 
gerated in the presence of head injury, other 
intracranial lesions, or a preexisting increase 
‘.in intracranial pressure, Furthermore, Talwin 


sean produce effects which may obscure the 
—@kinical course of patients with head injuries. 


-iri such patients, Talwin must be used with ex- 
treme caution and only if its use is deemed 
essential. 

Usage in Pregnancy. Safe use of Talwin during 
pregnancy (other than labor) has not been es- 
tablished. Animal reproduction studies have 
not demonstrated teratogenic or embryotoxic 
effects. However, Talwin should be adminis- 
tered to pregnant patients (other than labor) 
only when, in the judgment of the physician, 
the potential benefits outweigh the possible 
hazards. Patients receiving Talwin during labor 
have experienced no adverse effects other than 
those that occur with commonly used analge- 
sics. Talwin should be used with caution in 
women delivering premature infants. 

Acute CNS Manifestations. Patients receiving 


of moderate to severe intensity 


therapeutic doses of Talwin have experienced, 
in rare instances, hallucinations (usually vis- 
ual), disorientation, and confusion which have 
cleared spontaneously within a period of hours. 
The mechanism of this reaction is not known. 
Such patients should be very closely observed 
and vital signs checked. If the drug is reinsti- 
tuted it should be done with caution since the 
acute CNS manifestations may recur. 

Usage in Children. Because clinical experience 
in children under twelve years of age is lim- 
ited, the use of Talwin in this age group is not 
recommended. 

Ambulatory Patients. Since sedation, dizziness, 
and occasional euphoria have been noted, am- 
bulatory patients should be warned not to op- 
erate machinery, drive cars, or unnecessarily 
expose themselves to hazards. 

Precautions: Certain Respiratory Conditions. 
The possibility that Talwin may cause respira- 
tory depression should be considered in treat- 
ment of patients with bronchial asthma. Talwin 
should be administered only with caution and 
in low dosage to patients with respiratory de- 
pression {e.g., from other medication, uremia, 
or severe infection), obstructive respiratory 
conditions, or cyanosis. 

Impaired Renal or Hepatic Function. Although 
laboratory tests have not indicated that Talwin 
causes or increases renal or hepatic impair- 
ment, the drug should be administered with 
caution to patients with such impairment. Ex- 
tensive liver disease appears to predispose to 
greater side effects (e.g., marked apprehen- 
sion, anxiety, dizziness, sleepiness) from the 
usual clinical dose, and may be the result of 
decreased metabolism of the drug by the liver. 
Myocardial Intarction. As with all drugs, Talwin 
should be used with caution in patients with 
myocardial infarction who have nausea or 
vomiting. 

Biliary Surgery. Until further experience is 
gained with the effects of Taiwin on the sphinc- 
ter of Oddi, the drug shouid be used with cau- 
tion in patients about to undergo surgery of the 
biliary tract. 

Patients Receiving Narcotics. Talwin is a mild 
narcotic antagonist. Some patients previously 
given narcotics, including methadone for the 
daily treatment of narcotic dependence, have 
experienced mild withdrawal symptoms after 
receiving Talwin. 

CNS Effect. Caution should be used when 
Talwin is administered to patients prone to 
seizures: seizures have occurred in a few such 
patients in association with the use of Talwin 
although no cause and effect relationship has 
been established. 

Adverse Reactions: The most commonly occur- 
ring reactions are: nausea, dizziness or light- 
headedness, vomiting, euphoria. 

infrequently occurring reactions are--respira- 
tory: respiratory depression, dyspnea, transient 
apnea in a small number of newborn infants 
whose mothers received Talwin during labor; 
cardiovascular: circulatory depression, shock, 
hypertension; CNS effects: sedation, alteration 
of mood (nervousness, apprehension, depres- 
sion, floating feeling), dreams; gastrointestinal: 
constipation, dry mouth; dermatologic including 
local: diaphoresis, sting on injection, flushed 
skin including plethora, dermatitis including 
pruritus; other: urinary retention, headache, 
paresthesia, alterations in rate or strength of 
uterine contractions during labor. 

Rarely reported reactions include—neuromus- 


cular and psychiatric: muscle tremor, insomnia, W. 
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disorientation, hallucinations; gastrointestinal: 
taste alteration, diarrhea and cramps; ophthal- 
mic: blurred vision, nystagmus, diplopia, mio- 
sis; other: tachycardia, soft tissue induration, 
nodules, cutaneous depression, and ulceration 
(sloughing) at the injection site, weakness or 
faintness, chills, moderate transient eosino- 
philia, allergic reactions including edema of 


the face. 
See Acute CNS Manifestations and Drug De- 


pendence under WARNINGS. 

Dosage and Administration: Adu/ts, Excluding 
Patients in Labor. The recommended single 
parenteral dose is 30 mg. by intramuscular, 
subcutaneous, or intravenous route, This may 
be repeated every 3 to 4 hours. Doses in ex- 
cess of 30 mg. intravenously or 60 mg. intra- 
muscularly or subcutaneously are not recom- 
mended. Total daily dosage should not exceed 
360 mg. As with most parenteral drugs, when 
frequent daily injections are needed over a 
prolonged period, intramuscular administration 
is preferable to subcutaneous. In addition, con- 
stant rotation of injection sites (e.g., the upper 
outer quadrants of the buttocks, mid-lateral 
aspects of the thighs, and the deltoid areas) is 
recommended. 

Patients in Labor. A single, intramuscular 30 
mg. dose has been most commonly adminis- 
tered. An intravenous 20 mg. dose has given 
adequate pain relief to some patients in labor 
when contractions become regular, and this 
dose may be given two or three times at two- 
to three-hour intervals, as needed. 

Children Under 12 Years of Age. Since clinical 
experience in children under twelve years of 
age is limited, the use of Talwin in this age 
group is not recommended, 

CAUTION. Taiwin should not be mixed in the 
same syringe with soluble barbiturates because 
precipitation will occur. 

Overdosage: Manifestations. Clinical experi- 
ence with Talwin overdosage has been insuf- 
ficient to define the signs of this condition. 
Treatment. Oxygen, intravenous fluids, vaso- 
pressors, and other supportive measures 
should be employed as indicated. Assisted or 
controlled ventilation should also be consid- 
ered. Although nalorphine and levallorphan are 
not effective antidotes for respiratory depres- 
sion due to overdosage or unusual sensitivity 
to Talwin, parenteral naloxone (Narcan®, avail- 
able through Endo Laboratories) is a specific 
and effective antagonist. 

Talwin is not subject to narcotic controls. 

How Supplied: Ampuls of 1 mi. (30 mqg.), 
1% mi. (45 mg.), and 2 mi. (60 mg.) in boxes 
of 25. Each 1 mi. contains Talwin (brand of 
pentazocine) as lactate equivalent to 30 mg. 
base and 2.8 mg. sodium chloride, in water for 
injection. 

Multiple dose vials of 10 mi., each 1 ml. con- 
taining Talwin {brand of pentazocine) as lac- 
tate equivalent to 30 mg. base, 2 mg. acetone 
sodium bisulfite, 1.5 mg. sodium chloride, and 
1 mg. methylparaben as preservative, in water 
for injection. Boxes of 1. 

The pH of Talwin solutions is adjusted between 
4 and 5 with lactic acid and sodium hydroxide. 
The air in the ampuls and vials has been dis- 
placed by nitrogen gas. 


Winthrop Laboratories, New York, N.Y. 10016 
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Gram-negative bacteria magnified 10,000 times—color-tinted 


Commonly encountered 
pathogens on the surgical 
service 





% Incidence Pathogen 







Escherichia coli* 





Proteus, indole-negative* 


Proteus, indole-positive | 


Pseudomonas aeruginosa* 


Klebsiella pneumoniae* 


Klebsiella-Enterobacter-Serratia* 


Klebsiella, all others* 


All other gram-negative organisms 


Gram- 
13% Staphylococcus aureus* 
ive pny 


33% 


5% Staphylococcus, all others 


11% Streptococcus, all others 
2% Streptococcus, beta-hemolytic 
2% All other gram-positive organisms 
#GARAMYCGIN Injectable is effective against i 
Total path 3,492 n ja sie 
Source: Gosselin Audit of Pathology Cultures—1971 susceptible strains of the pathogens indicated. 
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A highly appropriate 
: seactran for today’s problem 
pathogens 


GARAMYCIN Injectable offers a high Start with Garamycin 
probability of effectiveness against susceptible E Broad gram-negative spectrum 


strains of seven out of seven major gram- B ; 
A ecause of its broad gram-negative spectrum and its 
negative pathogens. These are: well-established clinical efficacy, GARAMYCIN Injectable 


Escherichia coli can be considered for initial therapy in suspected as 
Proteus, indole-negative well as documented gram-negative sepsis. 

Proteus, indole-positive 

ee T uginosa Stay with Garamycin 

Enterobacter species @ Susceptibility of causative organisms confirmed 
Serratia Í The results of susceptibility tests will, in most cases, 


; demonstrate the causative organisms’ sensitivity to 
GARAMYCIN Injectable has also beenshown GARAMYCIN Injectable. However, the decision to 


to be effective in serious staphylococcal infec- continue therapy with this drug should also be based on 
tions. It may be considered in those infections the severity of the infection and the important additional 
when penicillins or other less potentially toxic concepts contained in the Warning Box. 


drugs are contraindicated and bacterial 
susceptibility testing and clinical judgment 
indicate its use. 


E Relatively low incidence of adverse reactions 

Risk of toxic reactions is low in patients with normal 
renal function who do not receive GARAMYCIN Injectable 
at higher doses or for longer periods of time than 
recommended. 


E Bacterial resistance has not been a problem 

In the laboratory, resistance has been demonstrated 

to develop slowly in stepwise fashion. No one-step 
mutations to high resistance have been reported to date. 
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In gram-negative septicemia, peritonitis, 40 mg.per cc. 
postoperative pneumonia, and urinary gentamicin sulfate equivalent 


to 40 mg. gentamicin 


tract infections* 


*Due to susceptible organisms 


WARNING 

Patients treated with GARAMYCIN Injectable should be or discontinuance of the drug. 

under close clinical observation because of the In event of overdose or toxic reactions, peritoneal 
potential toxicity associated with the use of this drug. dialysis or hemodialysis will aid in removal of 

Ototoxicity, both vestibular and auditory, can occur gentamicin from the blood. 
in patients, primarily those with pre-existing renal Serum concentrations should be monitored when 
damage, treated with GARAMYCIN Injectable, usually feasible and prolonged concentrations above 12 mcg./ 
for longer periods or with higher doses than ml. should be avoided. 
recommended. Concurrent use of other neurotoxic and/or nephro- 

GARAMYCIN Injectable is potentially nephrotoxic, toxic drugs, particularly streptomycin, neomycin, 
and this should be kept in mind when it is used in kanamycin, cephaloridine, viomycin, polymyxin B, and 
patients with pre-existing renal impairment. polymyxin E (colistin), should be avoided. 

Monitoring of renal and eighth nerve function is The concurrent use of gentamicin with potent 
recommended during therapy of patients with known diuretics should be avoided, since certain diuretics by 
impairment of renal function. This testing is also themselves may cause ototoxicity. In addition, when 
recommended in patients with normal renal function at administered intravenously, diuretics may cause a rise 
onset of therapy who develop evidence of nitrogen in gentamicin serum level and potentiate neurotoxicity. 
retention (increasing BUN, NPN, creatinine or Oliguria). USAGE IN PREGNANCY Safety for use in pregnancy 
Evidence of ototoxicity requires dosage adjustments has not been established. 





See Clinical Considerations section which follows... 
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On the surgical service... 


GARAMYCIN® Injectable, brand of gentamicin 
sulfate U.S.P., injection, 40 mg./cc. 

Each cc. contains gentamicin sulfate equivalent 
to 40 mg. gentamicin 

For Parenteral Administration 


WARNING 

Patients treated with GARAMYCIN Inject- 
able should be under close clinical 
observation because of the potential 
toxicity associated with the use of this drug. 

Ototoxicity, both vestibular and auditory, 
can occur in patients, primarily those 
with pre-existing renal damage, treated with 
GARAMYCIN Injectable, usually for 
longer periods or with higher doses than 
recommended. 

GARAMYCIN Injectable is potentially 
nephrotoxic, and this should be kept in mind 
when it is used in patients with pre-existing 
renal impairment. 

Monitoring of renal and eighth nerve 
function is recommended during therapy of 
patients with known impairment of renal 
function. This testing is also recommended 
in patients with normal renal function at 
onset of therapy who develop evidence of 
nitrogen retention (increasing BUN, NPN, 
creatinine or oliguria). Evidence of ototox- 
icity requires dosage adjustments or 
discontinuance of the drug. 

In event of overdose or toxic reactions, 
peritoneal dialysis or hemodialysis will aid 
in removal of gentamicin from the blood. 

Serum concentrations should be moni- 
tored when feasible and prolonged 
concentrations above 12 mcg./ml. should 
be avoided. 

Concurrent use of other neurotoxic 
and/or nephrotoxic drugs, particularly 
streptomycin, neomycin, kanamycin, cepha- 
loridine, viomycin, polymyxin B, and 
polymyxin E (colistin), should be avoided. 

The concurrent use of gentamicin with 
potent diuretics should be avoided, since 
certain diuretics by themselves may cause 
ototoxicity. In addition, when administered 
intravenously, diuretics may cause a rise in 
gentamicin serum level and potentiate 
neurotoxicity. 

USAGE IN PREGNANCY Safety for use 
in pregnancy has not been established. 





INDICATIONS GARAMYCIN Injectable is 
indicated, with due regard for relative toxicity of 
antibiotics, in the treatment of serious infections 
caused by susceptible strains of the following 
microorganisms: 

Pseudomonas aeruginosa, Proteus species 
(indole-positive and indole-negative), Escherichia 
coli and Klebsiella-Enterobacter-Serratia species. 

Clinical studies have shown GARAMYCIN 
Injectable to be effective in septicemia and serious 
infections of the central nervous system (meningitis), 
urinary tract, respiratory tract, gastrointestinal tract, 
skin and soft tissue (including burns). 

Bacteriologic tests to determine the causative 
organisms and their susceptibility to gentamicin 
should be performed. 


*Due to susceptible organisms 


gentamicin 
sulfate 


Also available: 
GARAMYCIN® Pediatric Injectable, 10 mg. per cc. 





Bacterial resistance to gentamicin develops slowly 
in stepwise fashion; there have been no one-step 
mutations to high resistance. 

In suspected or documented gram-negative 
sepsis, GARAMYCIN may be considered as initial 
therapy. The decision to continue therapy with this 
drug should be based on the results of susceptibility 
tests, the severity of the infection, and the important 
additional concepts contained in the Werning Box. 
In the neonate with suspected sepsis or staphylo- 
coccal pneumonia, a penicillin type drug is usually 
indicated as concomitant antimicrobial therapy. 

GARAMYCIN Injectable has been shown to be 
effective in serious staphylococcal infections. It 
may be considered in those infections when peni- 
cillins or other less potentially toxic drugs are 
contraindicated and bacterial susceptibility testing 
and clinical judgment indicate its use. 
CONTRAINDICATIONS A history of hypersensi- 
tivity to gentamicin is a contraindication to its use. 
WARNINGS See Warning Box. 

PRECAUTIONS Neuromuscular blockede and 
respiratory paralysis have been reported in the cat 
receiving high doses (40 mg./kg.) of gentamicin. 
The possibility of these phenomena occumring in 
man should be considered if gentamicin is admin- 
istered to patients receiving neuromuscular blocking 
agents such as succinylcholine and tubccurarine. 

Treatment with gentamicin may result in over- 
growth of nonsusceptible organisms. If this occurs, 
appropriate therapy is indicated. 

ADVERSE REACTIONS 

Nephrotoxicity: Adverse renal effects, as demon- 
strated by rising BUN, NPN, serum creatinine and 
oliguria, have been reported. They occur more 
frequently in patients with a history of reral impair- 
ment treated with larger than recommenced dosage. 

Neurotoxicity: Adverse effects on both vestibular 
and auditory branches of the eighth nerve have 
been reported in patients on high dosage and/or 
prolonged therapy. Symptoms include dizziness, 
vertigo, tinnitus, roaring in the ears and hearing loss. 

Numbness, skin tingling, muscle twitching, and 
convulsions have also been reported. 

Note: The risk of toxic reactions is low in patients 
with normal renal function who do not receive 
GARAMYCIN Injectable at higher doses cr for 
longer periods of time than recommended. 

Other reported adverse reactions, poss bly related 
to gentamicin, include increased serum transami- 
nase (SGOT, SGPT), increased serum bilirubin, 
transient hepatomegaly, decreased serum calcium; 
splenomegaly, anemia, increased and decreased 
reticulocyte counts, granulocytopenia, thrombocy- 
topenia, purpura; fever, rash, itching, urticaria, 
generalized burning, joint pain, laryngeal edema; 
nausea, vomiting, headache, increased salivation, 
lethargy and decreased appetite, weight loss, 
pulmonary fibrosis, hypotension and hypertension. 
DOSAGE AND ADMINISTRATION GARAMYCIN 
Injectable may be given intramuscularly o7 
intravenously. 

For Intramuscular Administration: 

PATIENTS WITH NORMAL RENAL FUNCTION* 

Adults: The recommended dosage for 
GARAMYCIN Injectable for patients with serious 
infections and normal renal function is 3 mg./kg./ 
day, administered in three equal doses every 
8 hours. 

For patients weighing over 60 kg. (132 Ib.), the 
usual dosage is 80 mg. (2 cc.) three times daily. 
For patients weighing 60 kg. (132 Ib.) or less, the 
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usual dose is 60 mg. (1.5 cc.) three times daily. 

In patients with life-threatening infections, dos- 
ages up to 5 mg./kg./day may be administered in 
three or four equal doses. This dosage should be 
reduced to 3 mg./kg./day as soon as Clinically 
indicated. 

*In children and infants, the newborn, and 
patients with impaired renal function, dosage must 
be adjusted in accordance with instructions set 
forth in the Package Insert. 

For Intravenous Administration: 

The intravenous administration of GARAMYCIN 
Injectable is recommended in those circumstances 
when the intramuscular route is not feasible (e.g., 
patients in shock, with hematologic disorders, with 
severe burns, or with reduced muscle mass). 

For intravenous administration, in adults, a single 
dose of GARAMYCIN Injectable may be diluted in 
100 or 200 cc. of sterile normal saline or in a sterile 
solution of dextrose 5% in water; in infants and 
children, the volume of diluent should be less. The 
concentration of gentamicin in solution, in both 
instances should normally not exceed 1 mg./cc. 
(0.1%). The solution is infused over a period of 
1 to 2 hours. 

The recommended dose for intravenous adminis- 
tration is identical to that recommended for intra- 
muscular use. 

GARAMYCIN Injectable should not be physically 
pre-mixed with other drugs, but should be adminis- 
tered separately in accordance with the recom- 
mended route of administration and dosage 
schedule. 

HOW SUPPLIED GARAMYCIN Injectable, 40 mg. 
per cc., 2 cc. multiple-dose vials for parenteral 
administration. 

Also available, GARAMYCIN Pediatric Injectable, 
10 mg. per cc., 2 cc. multiple-dose vials for 
parenteral administration. APRIL, 1972 

AHFS Category 8:12.28 


For more complete prescribing details, consult 
Package Insert or Physicians’ Desk Reference. 
Schering literature is also available from your 
Schering Representative or Professional Services 
Department, Schering Corporation, Kenilworth, 
New Jersey 07033. 
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Fifteen-Year Clinical Experience with the Vena Cava Filter 


MARION S. DeWEESE, M.D.,* RICHARD O. KRAFT, M.D.,** W. KIRT 
NICHOLS, M.D.,*** HERBERT H. SIX, M.D..t NORMAN W. THOMPSON, M.D,t* 


N EXPERIMENTAL method for the construction of an 
A intraluminal filter within the inferior vena cava 
to intercept potentially fatal recurrent pulmonary emboli 
was reported by the senior author and Hunter in 1958.5 
Encouraged by the results of this laboratory investiga- 
tion, a clinical study utilizing this method was initiated 
in 1957 and a favorable experience with 24 patients 
treated during the ensuing 5 years was reported in 
1963." Since that time, we have continued our clinical 
investigation of this method with only minor modifica- 
tions in our indications for operation and in operative 
technic, This study summarizes our experience with 
the vena cava filter during the period October 1957- 
October 1972. 

Our laboratory studies, which began in 1955, were 
stimulated by our dissatisfaction with the late sequelae 
which we had observed in patients following ligation 
of the vena cava, a procedure which had been ea 
by Homans a decade earlier.!® We were stimulated by the 
earlier work of Streuter and Painett and Pualwan et al. 
who had evaluated the possible benefit of temporary 
ligation of the vena cava with absorbable (catgut) liga- 
ture, and by that of Moretz et al.2° who occluded the 
vena cava temporarily with a removable metal clip. 
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Although we were not aware of their experimental work 
with the permanent teflon vena cava clip at the time 
we initiated cur studies, Moretz, Rhode and Shepherd”? 
published a combined report of their laboratory and 
clinical studies in 1959 and merit recognition for their 
pioneering investigation of partial interruption technics. 
Spencer et al*! introduced the concept of vena cava 
paonon in 1960 and their clinical reports in 1962;and 
1965+74 did much to gain approval of the partial iter. 
ruption concept. Although the filter procedure as em- 
ployed by us, and plication as practiced by Spencer, 
are frequently confused, they are basically different 
procedures and each needs to be evaluated on its own, 
merits. Generically, both are partial interruption. fro- 
cedures, In the plication procedure, however, the lumen 
of the vena cava is divided into multiple smaller channels 
whereas in the filter procedure the integrity of the ¢ aval 
lumen is maintained and reliance is placed upon an 
intraluminal sieve. 

During the past decade, a number of other r E 
for effecting partial interruption of the vena cava have 
been proposed. These include extraluminal serrated 
clips which have been investigated by Miles ef al.7°7! 
Adams and J. DeWeese,” and Taber and Lam.8 Barkett, 
Wright and Greenfield developed an extraluminal pros- 
dies with tapering channels which permit laminar 
blood flow, sensening’™* and Ravitch” studied com- 
partmentation of the vena cava with a mechanical vascular 
stapler. Whitcomb**® modified the filter technic by con- 
structing a grid within the vena cava by placing two 
rows of sutures at right angles to one another. Leather 
et al.” published a favorable experience with the Moretz 
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Fic. 1. Operative technic—upper abdominal transverse incision 
and mobilization of the duodenum. 


clip in 1968 and summarized much of the cumulative 
data pertinent to the partial interruption procedures. 
Moretz et al.28 summarized their long-term positive re- 
sults recently, also. 

Much work has been directed recently toward the 
development of methods by which filtering or occluding 
devices can be placed within the inferior vena cava by 
transvenous jugular or femoral routes. Mobin-Uddin 
et al.,2* Eichelter and Schenk,'! Pate et al.,°* Hunter 
et al.17 Moser et al.2® and Greenfield et al.'* have de- 
veloped devices and methods for partially or totally in- 
terrupting the vena cava transvenously and are sub- 
jecting them to clinical trial. 

We will not attempt in this report to argue the merits 
of one form of caval interruption over another. Rather, 
we have persisted in our transperitoneal method of caval 














TABLE 1. Distribution of Patients 
| Male Female Total 
University of Missouri Hospital 10 24 34 
University of Michigan Hospital 12 12 24 
St. Joseph Mercy Hosp.—Ann Arbor 18 25 43 
Veterans Administration Hospital—A? 11 0 11 
51 61 112 
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filtration over the past 15 years in an effort to accumulate 
data which would help us establish, or discredit, the 
principle of caval filtration, as opposed to total caval 
ligation, and it is this experience which we wish to report. 


Materials and Methods 
Study Sample 


The patient population available for follow-up studies 
includes 112 patients who were operated upon during 
the period October 14, 1957 to October 14, 1972. The 
patients were treated in four different hospitals assuring 
representation of both sexes and of diverse socio-econo- 
mic backgrounds (Table 1), Twelve of the patients 
included in our previous clinical report were not avail- 
able to us for follow-up study, having been contributed 
by colleagues from other institutions. 


Selection of Patients 


Strict criteria for the selection of patients for opera- 
tion were established at the outset of the study and have 
remained basically unchanged. These are: 

1. Anticoagulant therapy (heparin and/or coumadin ) 
constitutes the primary treatment of choice for 
patients with active thrombophlebitis and/or an 
initial pulmonary embolus. 

9. A vena cava filter is advised primarily when: 

a) Recurrent pulmonary embolization occurs while 
the patient is at therapeutic levels of antico- 
agulation, 

b) The patient is intolerant of, or hypersensitive to, 
anticoagulant drugs, 

c) Hemorrhage, or threat of hemorrhage, precludes 
anticoagulant therapy. 

3 A vena cava filter is indicated secondarily or 
prophylactically when: 

a) A patient who has had an embolus or active 
thrombophlebitis of the pelvic or leg veins re- 
quires either celiotomy for another surgical le- 
sion or pulmonary embolectomy, 

b) There has been extensive trauma to the vena 
cava, iliac or pelvic veins during an abdominal 
or pelvic procedure, 

c) Recurrent emboli have occurred despite caval 
ligation. 

4, Ligation of the vena cava is indicated when: 

a) Multiple small pulmonary emboli have occurred 
leading to incipient pulmonary hypertension or 
cor pulmonale, 

b) Emboli have occurred secondary to septic pelvic 
or peripheral thrombophlebitis, or in the pres- 
ence of intraabdominal infection, 

c) Recurrent emboli have occurred after partial 
caval interruption. 
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Operative Technic (Figs. 1, 2, & 3) 


As currently practiced, the abdomen is entered 
through a right upper quadrant transverse incision. 
After exploration of the abdominal cavity, a generous 
Kocher maneuver is performed, the duodenum is re- 
tracted medially, and the vena cava is exposed over a 
distance of approximately 7 cm. (Fig. 1). The right 
ovarian (or spermatic) vein is identified as it enters 
the vena cava or right renal vein and is doubly ligated 
and divided. If lumbar veins enter the vena cava at this 
level, they are ligated in similar fashion. The vena cava 
is encircled with a plastic tape to facilitate mobility 
and an angled atraumatic vascular clamp is applied 
tangentially to the vena cava in the anterior-posterior 
position at a point just below (caudad to) the renal veins 
(Fig. 2). A second vascular clamp is similarly placed 
across the vena cava 3 cm. more caudally, taking care 
to strip the vena cava of blood as it is being placed. 
The grid-like filter is constructed of teflon-impregnated 
dacron sutures of 4-0 size which have vascular needles 
on both ends. Starting near the posterior wall of the vena 
cava, at a point just caudal to the uppermost vascular 
clamp, a series of mattress sutures is placed across the 
vena cava from right to left. The individual suture 
strands are placed 2 or 3 mm. apart, and each succeeding 
suture is placed slightly more anterior and slightly more 
caudal than the preceding one until the anterior wall is 
reached, thereby creating a tangential plane for the 
completed filter. Ordinarily, five to eight mattress sutures 
are required to complete the filter. None of the sutures 
is tied until all have been satisfactorily positioned, The 
vascular clamps are then removed, permitting the vena 
cava to become normally distended, Starting with the 
most posterior suture, cach is tied firmly but care is taken 
not to constrict the vena cava significantly. This is 
facilitated by maintaining counter tension on the free 
loop of the suture with a nerve hook or the tip of a 
hemostat while the knots are being tied. 

Before terminating the procedure, the left ovarian 
(or spermatic) vein is ligated (Fig. 3). This is accom- 
plished by dissecting retroperitoneally along the lower 
border of the left renal vein until the gonadal vein is 
reached at its point of entry into the renal vein. The 
peritoneal attachments of the duodenum are then re- 
stored and the abdominal wound is closed in appropriate 
fashion. 

In our original description of this procedure, the filter 
was constructed with a continuous suture rather than 
by interrupted sutures. Although this proved satisfac- 
tory in most instances and has been used in the alternate 
procedure described below, it is somewhat more difficult 
to adjust the tension of the individual strands when the 
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Fic. 2. Construction of vena cava filter at infra-renal level with 
interrupted vascular sutures. 


continuous technic is used. This may result in greater 


constriction of the vena cava than is desirable unless care 
is taken to avoid it. 


j 
L. Ovarian v. 


r 





R. Ovarian v. i \ 
VENA CAVA 


Fic. 3. Vena cava filter has been completed and both ovarian 
veins have been ligated. 
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Alternate Technic (Fig. 4) 


One of us (ROK) further modified the operative 
technic and has employed it in most of the 43 patients 
in the St. Joseph Hospital subseries (Fig. 4). The 
hepatic flexure of the colon as well as the duodenum 
is mobilized and reflected medially. A double filter is 
constructed, the individual grids of which are placed 
approximately 3 cm. apart. The placement of the sutures 
has been facilitated by the use of a double-bladed 
vascular clamp which was especially designed for this 
purpose as depicted in Figure 4. 


Anticoagulant Therapy Postoperatively 


The use of anticoagulants in these patients in the 
immediate postoperative period was dictated largely by 
the status of their antecedent thrombophlebitis. Anti- 
coagulant therapy was not administered as a routine 
and was not employed in those patients in whom the 
filter had been placed prophylactically or who had 
demonstrated an intolerance to anticoagulant drugs. 
There is no evidence to suggest that there was a greater 
incidence of occlusion of the filter in those patients who 
did not receive anticoagulants. External elastic supports 
to the legs were advised only in the presence of acute 
thrombophlebitis or demonstrable edema. Patients with 
acute phlebitis were kept at bed rest with the foot of the 
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bed elevated 15° during the acute phase of the process 
and heparin therapy was administered intravenously 
in sufficient dosage to prolong the Lee-White clotting 
times to twice their normal values. Warfarin therapy 
was begun on the fifth to seventh postoperative day 
and the dosage adjusted to a prothrombin time of ap- 
proximately twice normal or to 25-30% on the Quick 
scale, When this level had been attained, heparin was 
discontinued and warfarin continued during the re- 
mainder of the postoperative stay and for an additional 
6-12 weeks following discharge from the hospital. Some 
hemorrhagic complications were noted in the early post- 
operative period but none of these was of major con- 
sequence. 

Those patients who manifested peripheral edema of 
the legs were measured for Jobst stockings when the 
edema had become stationery at bed rest. The elastic 
support hose were continued during the follow-up per- 
iod as long as they were needed and patients were 
permitted to abandon them if and when clinical edema 
no longer was present. 


Results 


A total of 112 patients who had intraluminal caval 
filters constructed during the years 1957-1972 were avail- 
able for study. The operations were performed for pri- 


Fic. 4. Alternate tech- 
nic (method of R. Kraft). 
A double filter is con- 
structed with continuous 
suture utilizing a double- 
bladed vascular clamp. 
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TABLE 2. Length of Postoperative Follow-up 
sa aa ea er at 
No. of Patients 


L a ee A A 





<1 year 47 
1-2 years 24 
2-3 years 8 
3-4 years i 7 
>4 years 16 

102 


(Range one month to 153 months) 





mary indications in 81 patients and for secondary ones 
in 31. Of these, 102 patients survived the immediate 
postoperative course. The duration of the follow-up 
period ranged from one month to 153 months (Table 
2). 


Mortality (Table 3) 


No deaths occurred in the operating room during the 
procedures. Ten deaths occurred within 30 days of, opera- 
tion for an overall early postoperative mortality of 9.0%. 
Of these deaths, however, only four (3.6%), occurred 
in patients who were advised operation for one of the 
primary indications listed in our operative criteria. In 
the remaining six (5.4%), the filter was placed during 
the course of an operation which was indicated by an- 
other catastrophic illness. The causes of death in these 
ten patients are listed in Table 3. 

An additional 17 patients (15.2%) have died during 
this study period at intervals of 1 month to 153 months 
following operation. Death in each instance was attrib- 
utable to primary cardiac, neoplastic or other degenera- 
tive disease. In no instance was death attributable to 
recurrent pulmonary infarction, as evidenced by either 
clinical or autopsy findings. 


Recurrent Pulmonary Emboli (Table 4) 


All patients have been kept under surveillance and 
follow-up diagnostic studies carried out when indicated. 
All were subjected to periodic clinical examinations 
and chest x-rays for at least 1 year postoperatively. In 
recent years, lung scans and blood gases have been 
obtained whenever a suspicion of recurrent pulmonary 
infarction has arisen; eleven patients have had one or 
several scans. Pulmonary angiograms have been ob- 
tained in only five patients but phlebograms of the 
inferior vena cava have been obtained during the fol- 
low-up period in 32 patients. 

Under this follow-up program, 18 patients (16.0%) 
were suspected of having had a recurrent non-fatal 
pulmonary embolus on the basis of their symptomatol- 
ogy (Table 4). Following objective study, however, 
the presence of a pulmonary parenchymal abnormality 
could be documented in only 11 (9.8%) of them. 

Autopsies were performed in four of these 11. A pre- 
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TABLE 3. Mortality ° 
Total Number of Patients 112 100% 
Deaths in Operating Room G 0 
Cause of Deaths Within 30 Days of Operation 
IVC filter done for primary indication 
Myocardial infarction (EKG confirmed) 1 
Congestive heart failure i 
Generalized coagulopathy va 
Unexplained—coronary occlusion ?, 
embolus ? 1 
4 3.6% 
IVC filter done for secondary indication 
Cardio-pulmonary, after pulmonary 
embolectomy 2* 
Complications of pelvic exenteration 2" 
Myocardial infarction after A-F by-pass i* 
GI hemorrhage and renal failure after 
colectomy 1 
6 5.4 
Cause of Deaths after 30 Days (one month 
to 153 months) 
Cardiac disease Drs 
Neoplasm 6** 
C.V. accident 1* 
Other 5* 
Pulmonary embolus 0 
17 15.2% 
27 24.22, 


* Autopsy in 11 patients 


viously unsuspected carcinoma of the lung, and not 
infarction, was found to be the basis for the abnormal 
scan in one patient. Although recurrent pulmonary. 
emboli were found at autopsy in three others, thésé were 
fully documented as having originated within. tle:tight 
atrium, greater azygous vein and left spermatic veins, 
respectively. This latter finding has led us to conclude 
that it is as important to interrupt the spermatic ‘veins 
in men as it is the ovarian veins in women during“ the 
course of vena caval interruption. Failure of the filter x 


TABLE 4. Recurrent Pulmonary Emboli + 
No. ` % i 
100% 


Total Number of Patients 
Post-filter Emboli Suspected 18 
Failure of Filter Proved 
Symptoms -+ positive lung scan 3 
Symptoms + positive pulmonary angiogram 2 
Symptoms -+ positive scan and angiogram 2 


7 6.2% 
Failure of Filter not Proved 

Symptoms but lung scan(s) normal 3 
Symptoms but pulmonary angiogram normal 1 
Symptoms but chest X-rays normal 3 
Autopsy evidence of other routes for emboli 3 
Autopsy evidence false positive scan 

(carcinoma) 1 


11 9.8% | 
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toe prevent recurrent emboli must be accepted in the 
remaining seven patients (6.2%). 

As noted in Table 3 there were no proved fatal recur- 
rent pulmonary emboli in this series of patients. One 
patient, who was also reported in our previous clinical 
report, however, died in another hospital following 
the filter procedure under circumstances which raised 
a suspicion of either acute myocardial infarct or pul- 
monary: embolus. Autopsy was refused, however, and 
the clinical findings were too sparse to support a valid 
diagnosis of the cause of death. 


Postoperative Extremity Morbidity 


One hundred two of the 112 patients survived opera- 
tions and the first postoperative month and were avail- 
able for follow-up studies. The nature of the post-filter 
sequelae which these patients developed in their legs 
was evaluated clinically and venograms obtained when 
possible. No attempt was made to categorize the extent 
of edema—they either had identifiable edema or they 
did not have edema. 


A. Clinical Edema (Table 5) 


Thirty-seven patients (36.3%) had clinically demon- 
strable edema of the legs at some time during their post- 
operative courses, The edema was thought to be related 
to operation or to the antecedent phlebitic process in 27 
(26.5%) of these. Ten patients (9.8%) had cardiac or 
renal disease which clinically was thought to be respon- 
sible. for, or contributory to, the edema. All patients 
with edema were advised to wear elastic support hose 
and thé-edema was easily controlled in most of them. 
The. remaining 65 patients (63.7%) had no evidence of 
clinical edema and were not required to wear support 
hose. 

The edema was ipsilateral in eight patients and was 


‘thought to be related to the antecedent thrombo- 


phlebitis. This premise was supported in general by 


--venographic studies which revealed caval patency in 


+ 


five’ of the six patients studied. Contralateral edema 
developed in two patients and was considered to be a 
manifestation of probable caval obstruction. This was 


TABLE 5. Postoperative Edema of Legs (Patients Studted = 102/112) 


Clinical IVC Vencgram 
Edema 
— No. No. No. % 
No. % Studied Occluded Patent Patent 
Ipsilateral 8 7.8 6 1 5 83.3 
Contralateral 2 2.0 1 1 0 0.0 
Bilateral 
Venous disease 
only 17 16.7 7 5 2 71.4 
Associated cardiac 
or renal disease 10 9.8 5 0 4 80.0 
37 36.3 19 8 11 58.0 
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confirmed by venography in the one patient who sub- 
mitted to the study. 

Bilateral edema was manifested by a total of 27 pa- 
tients (26.5%). In 17, the edema was believed to be 
related to either primary involvement of the vena cava 
by thrombophlebitis, or by occlusion of the filter by 
thrombosis at the filter site or by entrapment of a major 
embolus. Venography confirmed the presence of caval 
occlusion in five of the seven patients studied but did 
not provide precise information concerning the cause of 
the caval obstruction. 

Four of the nine patients with bilateral edema and 
associated congestive heart disease underwent veno- 
graphy and the vena cava was proved to be patent in 
all four. It was found to be occluded, however, in the 


_ one patient who had associated renal disease. 


In summary, caval patency was demonstrated by veno- 
graphy in five of the seven patients who had unilateral 
edema. The demonstration of caval patency in six of 
the 12 patients with bilateral edema who were studied 
is more significant. Of the total group of 19 patients with 
clinical edema who submitted to venography, caval 
patency was found to have been preserved in 11 of them 
(58%). 


B. Recurrent Thrombophlebitis 


Sixteen patients (15.7%) developed recurrent throm- 
bophlebitis at some time during the postoperative 
courses. The process was ipsilateral to the original disease 
in seven and generally represented reactivation of the 
original process. Contralateral thrombophlebitis de- 
veloped later in five patients and bilateral thrombo- 
phlebitis in four, Although these were presumed to be 
related to caval obstruction, this was not uniformly true 
as subsequent venograms revealed caval patency in 
several. One patient with a hypercoagulable syndrome 
developed phlegmasia cerulea dolens in the immediate 
postoperative period. He was subjected to ilio-femoral 
thrombectomy and survived after a prolonged con- 
valescence. 


C. Leg Ulcers 


Four patients (3.9%) had stasis ulcers during the 
follow-up period. The ulcers had been present prior to 
caval interruption in two of the patients and developed 
after trauma to the ankle in another patient. Two re- 
sponded to conservative measures and two required 
excision and split-thickness skin grafts to effect healing. 


D. Stasis Dermatitis 

Two patients (1.9%) developed stasis dermatitis in 
edematous extremities and did not have skin ulceration. 
Both were readily managed by support hose. 
E. Cumulative Extremity Morbidity 

As multiple postphlebitic or postoperative leg sequelae 
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may occur in the same patient, the ratio of patients who 
do, or do not, experience definable postoperative compli- 
cations of the extremities is most significant. In this series, 
44 (43.1%) of the patients had one or several of the 
sequelae listed. The remaining 58 (56.9%) were entirely 
symptom-free and did not require elastic stockings or 
other supportive measures in their postoperative manage- 
ment. 


Filter Patency (Table 6) 


Data regarding filter patency were obtainable in 45 
patients (40.1%) by phlebography, autopsy or reopera- 
tion. The filter was found to be patent in 32 of these pa- 
tients (71%) and occluded in 13 (29%). 

Although organized emboli were found to have been 
arrested by the filter in three patients examined at au- 
topsy, in no instance did we find evidence at autopsy 
or by caval venography that fresh thrombi had developed 
at or above the filter site. Pulmonary scans or arterio- 
grams provided evidence of small, peripheral pulmonary 
emboli in seven patients but none of these was fatal. 
This finding had been anticipated from our initial animal 
studies and had led us to establish the criterion advising 
total caval ligation in those patients who experiefice re- 
peated small pulmonary emboli, either before partial 
caval interruption ör after it. Secondary caval ligations 
were performed in five of these séven patients who had 
previous caval filters. However, three of them continue 
to have intermittent chest pain of the type which led to 
their secondary caval ligations. 

The postoperative venograms have revealed other 
interesting findings in a number of patients. In one 
instance, a dual vena cava was encountered. This had 
not been recognized at the time the filter had been 
placed in the right- sided vena cava. This patient has 
had several transient episodes of chest pain but pulmo- 
nary radiograms and scans have been negative. The 
left-sided vena cava has not been interrupted, Although 
this would seemi to justify routine preoperative contrast 
studies of the vena cava prior to caval interruption, double 
vena cavae occur so rarely that this is not practical. It has 
influenced us, however, to look for an accessory left-sided 
vena cava while exposing the left gonadal vein at opera- 
tion; none has as yet been identified intraoperatively. 
The incidence of dual cavae is reported to be 2.2%.?2 

The development of large retroperitoneal collateral 
veins in response to total caval ligation has been well 
emphasized by others. We, too, have observed this in 
patients studied by caval venography following total 
ligation of the cava. Two patients during this time in- 
terval experienced recurrent emboli following total caval 
ligation and a subsequent cavagram demonstrated 
large collaterals entering the inferior vena cava below 
the renal veins. Caval filters were placed in both pa- 
tients at the infra-renal level at a subsequent operation. 
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TABLE 6. Patency/Occlusion Rates (Patients Studied = 45/1d2) 
Total 
Patent Occluded Studies 
IVC Venogram 21 11 32 
Autopsy 8 2 10 
Reoperation 3 — 3 
Total 32 (71%) 13 (29%) 45 (100%) 


However, one of them subsequently died following 
pulmonary embclectomy for a massive embolus which 
was proved at autopsy to have arisen in the right heart. 
In no instance in which patency of the vena cava has 
been maintained and visualized postopératively has a 
similar development of collateral venous channels been 
demonstrated. 

We have shunied placing the caval filter at the supra- 
renal level because of concern over the possible renal 
complications if embolic occlusion of the vena cava 
should occur subsequently at this level. Placement of 
the filter at the supradiaphragmatic level would have 
obvious advantages during pulmonary embolectomiy. 
The following case presentation illustrates that supra- 
renal placement may be accomplished safely and ad- ~ 
vantageously under some circumstances and perhaps 
should be considered more frequently. 


Case Report 


A 45-year-old nian underwent left renal transplant. from a 
sibling donor in the University of Michigan Hospital in- June 1967. 
He developed minimal signs and symptoms of thrombophlebitis 
in the right leg 2 days prior to re-admission to the ‘hospital in 
September 1968 with a massive pulmonary embolus. Pulmonary 
embolectomy was successiully accomplished at that time. A com- 
plementary filter was placed in the vena cava cephalad to the. 
transplanted renal vein. The patient survived and a venogram I 
month later revealed patency of the filter and renal vein though 
there was thrombotic obstruction of the iliac veins and distal vena 
cava. Three years later (November 1971) the patient had: good 
renal function and minimal bilateral edema of the legs. 


Discussion 


The vena cava filter was conceived, tested in the ex- 
perimental laboratory and subjected to long-term clinical 
trial in an effort to test the validity of the principle of 
caval filtration in the prevention of recurrent pulmonary 
emboli. If this principle is to be deserving of final 
acceptance by the surgical community, it must be shown 
to have distinct advantages over that of permanent caval 
ligation. 

Our primary cbjective in this study has been directed 
toward a long-term longitudinal evaluation of the caval 
filter model which we introduced and have attempted „ 
to appraise critically. Although simple in design, it 
provides a comparatively “pure” form of partial caval 
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interruption. The filter can be placed accurately at the 
optimum position in the vena cava, i€., just caudal to 
the renal veins, and does not alter significantly the hemo- 
dynamics of the vena cava. There are no hazards of mi- 
gration, late perforation of the wall of the vena cava or 
erosion of surrounding structures. Unless it becomes 
obstructed, the filter does not in itself stimulate the 
development of large collateral venous channels which 
have been shown to provide potential pathways for the 
transit of emboli to the lungs following total caval liga- 
tion. 

The fact that we have accepted only 112 patients for 
caval filtration in this 15-year time span is a reflection 
of our relative conservatism in advising operative inter- 
vention. We have placed initial dependence upon 
anticoagulant therapy in our management of thrombo- 
embolic disorders, as have many, but not all, investigators 
in this field. At the outset of this study, we were influ- 
enced in this decision by the favorable experience which 
was being amassed by a multidisciplinary team of col- 
leagues in the University of Michigan Hospital who 
devoted themselves to a long-term prospective study of 
the role of anticoagulant therapy in thromboembolism. 
The results of this 20-year study were published sub- 
sequently by Coon et al Their data showed that re- 
: current pulmonary emboli occurred in 4.9% of patients 
who were effectively anticoagulated within the hospital 
. after an initial embolic episode; 1.3% of these proved to 
~ be fatal. Although an additional mortality rate of 0.7% 


C. due to:pulmonary embolism occurred within 3 months 


after. reléase from the hospital if anticoagulant therapy 
was - discontinued then, this late mortality rate was 
subsequently reduced also by extending the period of 
anticoagulation an additional 6-12 weeks. | 

The- stüdies of Sevitt and Gallagher,?® Barrett and 

Jordan; 5 Salzman et al.3¢ and Skinner and Salzman‘ 
a ‘provided evidence that anticoagulant drugs are impor- 
tantyin the prevention and management of thrombo- 


a embolism. The total mortality rate of 2.05% from pul- 


“monary ‘embolism reported by Coon compares with the 
' mortality rate of 3.6% which we have observed in pa- 
tients who were accepted for caval filtration because of 
` one of our primary indications. Although we have been 
strongly tempted to extend our indications for operations 
at various times during the 15-year course of this study, 
we have adhered to the protocol. 

The only additional indication which we feel is war- 
rarited at the present time is provided by the occasional 
patient who has survived a massive embolus with the 
loss of a critical degree of pulnionary perfusion. As even 
small recurrent emboli might prove fatal, caval inter- 
ruption should be considered seriously under these cir- 
cumstances without subjecting the patient to a pre- 
* liminary trial of anticoagulant therapy. 

The criticism has sometimes been made that the trans- 
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peritoneal approach which we advocate introduces a 
greater operative hazard than does the more rapid and 
less demanding technic of caval ligation by the retro- | 
peritoneal approach. Our mortality data do not bear 
this out. By the same token, we consider ligation of 
both gonadal veins to be an important element in the 
procedure; ligation of the left ovarian or spermatic vein 
is precluded by the retroperitoneal exposure. 

Early in our experience an occasional patient was 
subjected to caval ligation instead of filtration because 
of a presumed difference in operative hazard, but this 
premise was soon abandoned by us as our experience 
mounted. Although some of our immediate colleagues 
have continued to advise total ligation under such cir- 
cumstances, no patient in our personal series is re- 
jected for the filter because of age or degree of operative 
risk if the other criteria for operation have been met. | 

The overall mortality within 1 month of operation in 
this series, including those who were critically ill be- 
cause of thejr primary disease, was 9.0%. This compares 
favorably with the mortality rate of 9.19% reported by 
Ochsner et al.8° within two weeks of caval ligation 
through a retroperitoneal approach. Krause et al.'® re- 
ported an operative mortality of 5.5% following caval 
ligation and deMeester et al.” reported a 13% mortality 
following caval plication by the Spencer method. Adams 
et al.,3 in a comparative study of the two methods, re- 
ported an in-hospital mortality rate of 13% following 
caval ligation and 8% following partial interruption. 

In an occasional patient, acute obstruction of the vena 
cava may reduce the venous return to the heart acutely 
to a critical level and result in hypotension and cardiac 
arrest on the operating table. Following an episode of 
this nature early in our experience, we have advocated 
the precaution of test-clamping the vena cava before 
ligating it. If the patient manifests hypotension or cardiac 
arrhythmia during the test, partial interruption should 
be carried out rather than ligation. Adams et al.’ also 
reported intra-operative deaths in two patients who 
developed shock and irreversible cardiac arrest. im- 
mediately following total caval ligation. 

These data do not indicate a clear superiority of one 
method over another as regards operative mortality. 
Many of the patients who require caval interruption 
are critically ill and present a severe challenge in their 
intraoperative and postoperative management. Some 
inevitably die early as a result of the primary disease 
which predisposed them to the thromboembolic insult. 
For these reasons, the transvenous methods have great 
appeal as potentially they should be capable of reducing 
the operative risks inherent in the open operations. 

It is also extremely difficult to compare data concern- — 
ing the incidence of recurrent pulmonary emboli follow- 
ing the different methods as the clinical detection of 
recurrent pulmonary emboli remains an enigma despite 
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recent refinements in diagnostic technics. The develop- 
ment of pulmonary scanning, blood gases technics and 
pulmonary angiography have provided important, new 
dimensions in diagnosis. Although they, too, may be 
subject to misinterpretation, it is becoming increasingly 
apparent that none of the caval interruption procedures, 
either partial or total, provide complete protection against 
recurrent pulmonary infarction. Gurewich et al” re- 
ported an incidence of 20% recurrent pulmonary embol- 
ism after ligation of the inferior vena cava. Piccone and 
associates** in a carefully documented study of 72 pa- 
tients reported an incidence of recurrent emboli of 
greater than 50% following caval ligation. Filler and 
Edwards,” Parrish et al.3? and Piccone,*®* among others, 
have called attention to the large venous collaterals 
which develop following caval ligation and through 
which emboli may reach the pulmonary circulation. 
Adams et alè reported an 8% incidence of recurrent 
emboli after partial caval interruption and an identical 
incidence of 8% following total ligation. There was, how- 
ever, one fatal embolus in the ligation series. Ochsner 
et al? observed a 4% incidence of recurrent emboli after 
partial interruption procedures in 28 patients and no 
recurrent emboli following caval ligation in 286 patients. 

Again, it is difficult to ascribe clear-cut superiority 
of one method over another as regards prevention of 
recurrent pulmonary emboli. Our documented incidence 
of 6.2% recurrent emboli due to filter failure is consistent 
with that reported by Adams et al, for both ligation and 
partial interruption, less than that reported by Gurewich 
and Piccone for ligation, but greater than that reported 
by Ochsner. It is perhaps significant, however, that in 
no instances have emboli originated de novo at the 
filter site, whereas contrary findings were reported by de- 
Meester et al.” following caval plication. The fact that 
large venous collaterals do not develop in those patients 
(71%) who maintain patency of the filter is also signif- 
icant. 

The development of recurrent chest pain following 
caval interruption is distressing to the patient and pre- 
sents an enigma to the surgeon. Although secondary 
ligations were performed in five of our patients after 
apparent failure of the filter to protect the patient from 
recurrrent emboli, three of these patients have continued 
to experience intermittent episodes of chest pain. Bol- 
stered by our increasing confidence that the filter does 
block potentially fatal emboli, we have adopted a more 
conservative attitude in the management of patients with 
presumed recurrent emboli following caval filtration un- 
less the episodes are repetitive and objective evidence 


_ of pulmonary infarction is obtainable. 


Although the placement of a double filter, as described 
in our alternate procedure, should theoretically afford a 
greater degree of protection than does a single filter, it 
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is difficult to establish such superiority objectively. Re- 
current small emboli were noted following both technics 
with approximately equal frequency and both appear to 
have offered complete protection against fatal emboli, 
The double-bladed vascular clamp, which was developed 
specifically for this procedure (ROK), facilitates the 
technical maneuvers required in constructing the filter. 
It is not essential to the success of the operation, how- 
ever, as other atraumatic vascular clamps are satis- 
factory. 

Our data indicate that the patients in this study group 
experienced fewer and less bothersome postoperative 
sequelae in their lower extremities than have those 
reported in most series following caval ligation. Although 
it is trué that most patients with postligation edema ọf 
the legs can be successfully managed by early elevation 
and by the assiduous use of elastic support hose, some 
patients—particularly those who are intellectually or 
economically disadvantaged—may present a serious 
challenge in their rehabilitation. It would seem more 
appropriate to prevent edema and stasis complications 
if possible. The low incidence of edema from all causes 
(36.3%) and the total freedom from extremity morbidity 
experienced by a majority (56.9%) of these patients is 
probably the most significant finding in this study. 

As a result of these observations, we are convinced . 
of the validity of the filter principle in the management 
of patients with thromboembolic problems. Although | 
these data are derived from our experience with one 
specific procedure, i.e., the vena cava filter, the study has - 
pertinence to other partial interruption procedures” as 
well. os 

Within recent years, a variety of interesting | traris- 
venous technics have been introduced which permit 
caval interruption, partial’+** or complete-temporaty?* me 
or permanent.!” These methods hold exciting promisé:for 
the future as potentially they can be utilized in seriously: 
ill patients without subjecting them to the risk ofi gen- 
etal anesthesia and celiotomy. While we strongly*s sup- ` 
port the continuing investigation and critical appraisal- 
of these various devices, we will look with greatest in- - 
terest to the development of a clinically-acceptable 
method of effecting partial caval interruption by the | 
transvenous route. The methods proposed by Eichelter,1! 
Patet? and Greenfield currently appear promising in 
this regard. 

The umbrella filter of Mobin-Uddin is being subjected 
to energetic clinical trial at present but, because of its 
reportedly high occlusion rate,!®.?5 will probably serve 
best as a method of producing total rather than partial 
caval interruption. None of the transvenous methods 
proposed to date offer protection against emboli arising 
in the ovarian or spermatic veins, a deficiency which e 
invites further investigation. 
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Summary and Conclusion 


1. In a 15-year clinical experience with the vena cava 
filter, 

a) There were no deaths proved to be due to recur- 

rent pulmonary emboli. 

b) Recurrent non-fatal pulmonary emboli were sus- 
pected clinically in 16% of all patients. Of these, 
only 6.2% represented filter failures. Documented 
emboli reached the lungs through unprotected 
venous channels in 2.6%. The diagnosis of recur- 
rent pulmonary infarction could not be docu- 
mented. objectively in the remaining 7.2%. 

c) The incidence of postoperative edema of the ex- 
tremities from all causes was 36.3% and 56.9% of 
patients were totally free of extremity morbidity. 

b) No iatrogenic thrombi were identified at the filter 
site. 

2. The principle of partial interruption of the inferior 
vena cava is therapeutically valid and useful in 
the management of thromboembolism. 

3. The transvenous methods of effecting caval inter- 
ruption merit continuing evaluation. In the authors’ 
opinions, those which are designed to maintain 
caval patency are potentially most desirable. 
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Discussion 


Dr. Lester R. Bayanr (Lexington): Dr. DeWeese’s results 
prove that partial interruption of the inferior vena cava is a valid 
approach to recurrent pulmonary embolism. Before Dr. Kazi 
Mobin-Uddin joined our Department nearly 3 vears ago, we used 
the vena cava plication technic described by Dr. Frank Spencer. 
More recently, however, we have become converted to the trans- 
venous method of vena caval interruption with employment of the 
Mobin-Uddin vena caval filter, Although this device has gained 
some unwarranted notoriety because of reported instances of mi- 
gration to the pulmonary artery, it has proved to be very satisfac- 
tory, particularly for critically ill patients. The previous episodes 
of migration occurred with the 23 mm. filter. A 28 mm. filter is 
now available and migration has not occurred in 70 consecutive 
implantations. 

Unfortunately, the transvenous filter devices have the disadvan- 
tage of thrombus formation on the distal surface, and occasion- 
ally on the proximal surface as well. We are presently evaluating 
a heparin-bonded filter in patients who are maintained on sodium 
warfarin for 3 months after implantation of the filter. 

It would seem to us that an ideal method for management of 
recurrent pulmonary embolism might include a simple technic of 
transvenous insertion of a non-thrombogenic filter that could be 
removed easily at a later date. In the meantime, we feel that the 
28 mm. filter offers significant advantages over operative ap- 
proaches to the inferior vena cava with little risk of filter mi- 
gration. 


Dr. Lazar J. GREENFIELD (Oklahoma City}: I, too, would like 
to congratulate Dr. DeWeese for a very valuable clinical report 
which makes the point of the value of continued patency of the 
vena cava. 

To try to accomplish this goal, we have developed an approach 
which is transvenous and which does provide us with a technic of 
insertion under local anesthesia. 

The filter is composed of stainless steel in a cone shape with 
very fine recurved hooks which allow fixation within the wall of 
the vena cava. 

The principle of the cone is one that offers a distinct advantage 
making it possible to fill 70% of the depth of the cone with 
thrombotic material without introducing any significant impair- 
ment of flow through the vena cava. Only 49% of the cross sec- 
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tional area would ke blocked by filling of the cone to this point. 

The plot of the relationship between filling and reduction of 
cross sectional diameter is shown on the slide. 

The filter device is placed on a carrier catheter and inserted 
through a femoral venotemy. We have used this approach as a 
omo enient to the catheter technic for removal of pulmonary 
emboli. Thus, following use of the vacuum cup catheter to remove 
thrombotic material from the pulmonary arteries we can com- 
plete the procedure by insertion of the cone device. 

One of the main advantages of the filter is the fact that there 
is no interruption of fow. When thrombotic material is trapped, 
there is little or no tendency for extension. In clinical experience 
with eight patients to date all of the cavae are patent. . 

The experimenta. results are quite encouraging because autoge- 
nous thrombi in animals can actually be seen to gradually resolve 
over a period of gererally 3 to 6 weeks. 

Complementary lung scans during this period of resolution do 
not show any evidence of pulmonary emboli by fragmentation, so 
that the additional benefit of preserved flow around the trapped 
thrombus would seem to offer the prospect of actual resolution of © 
the thrombi. 

The results are very preliminary so far, but we have had no 
evidence, either experimentally or in the patient population, that . 
there is a tendency for propagation or extension of the thrombus 
even when an actual thrombus is trapped within the cone filter. 


Dr. M. S. DeWeese (Closing): I want to thank both Dr.. 
Bryant and Dr. Gzeenfield for their pertinent discussions as they 
represent two of tne groups who are actively investigating trans- 
venous methods of achieving caval interruption at the present time. 

I still have some reservations about the non-operative methods, 
primarily because of the lack of long-term clinical data which will 
require more time to gather. The honesty of the reporting that 
has come out from the Kentucky and Oklahoma groups is cer- 
tainly to be commended. The transvenous methods Jeave me a 
little bit anxious because of their failure to protect against emboli 
from the gonadal vessels. This is a concern which justifies further 
investigation. 

We have been reticent to place the filters above the renal vein 
level, more from concern over possible embolic occlusion rather 
than of thrombosis of the filter itself. In our one patient who had 
undergone renal transplantation this worked out all right and if , 
transvenous methods are perfected that maintain patency of the 
vena cava, there will be many obvious advantages. 


Results of Carotid Endarterectomies for Transient 


Ischemic Attacks-Five Years Later 


JAMES A. DeWEESE, M.D., CHARLES G. ROB, M.D., RICHARD SATRAN, M.D., 
DAVID O. MARSH, M.D., ROBERT J. JOYNT, M.D., DAVID SUMMERS, M.D, 


ASTCOTT, PICKERING, AND ROB reported successful re- 
E construction of a stenotic internal carotid artery for 
neurologic symptoms in 1954.8 Since then several large 
series of operations on the carotid artery have been re- 
ported,?.46.10.11.12 Carotid endarterectomies have been 
most frequently performed on patients with transient 
cerebral ischemic attacks (TIA). The reports of a col- 
laborative study randomized into nonoperated and op- 
erated groups of patients with TIA suggest that carotid 
endarterectomies decrease late mortality rates.1 In addi- 
tion, patients who are operated upon have fewer TIA in 
| the follow-up period.® 
“Duiiig the past 10 years 503 carotid endarterec- 
tomiés::have been performed at the University of Ro- 
chester, of which 285 were performed for TIA. It was 
possible to evaluate some of these patients for longer 
than £0; years. For the purposes of this presentation, 
héwever, we selected 103 consecutive patients oper- 
ated upon for symptoms of TIA more than 5 years ago. 
The status of the patients at exactly 5 years following 
opération was analyzed. This retrospective study pro- 
vides prognostic information useful in the evaluation 
of. patients with TIA pane considered for carotid en- 
darterectomy. 


Materials and Methods 


The 103 patients in this study exhibited character- 
istics common to patients with symptomatic athero- 
sclerotic lesions. There were 65 men and 38 women. 
The ages of the patients ranged from 46 to 80 years and 
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46% were in the 60-70 age range. Diabetes mellitus 
was present in 18% of the patients. Blood pressure 
recordings greater than 150/90 mm. Hg or a history 
of hypertension was observed in 45% of the patients. 
There was electrocardiographic evidence of arteri- 
osclerotic heart disease in 24% of the patients. Aneury- 
sysms or symptomatic peripheral arterial disease had 
been present in 17% of the group. Serum cholesterol 
determinations were performed on 57 patients, of 
whom 44 demonstrated levels greater than 275 mg./ 
100 ml. 


Symptoms (Table 1) 


All of the 103 patients had histories of transient 
ischemic attacks (TIA). These attacks were transient 
episodes of local neurologic deficit which were rapid 
in onset and of less than 24 hours duration and from 
which recovery was complete. Ipsilateral eye symp- 
toms, contralateral motor and sensory symptoms, or 
speech difficulties were observed in 85% of the pa- 
tients. The ipsilateral eye symptoms consisted of sco- 
tomata, blurred vision, or transient blindness and oc- 
curred 39% of the time. Contralateral sensory or motor 
symptoms consisting of weakness, paralysis, numbness, 
or paresthesias occurred in 59% of the patients. Speech 
difficulties consisting of motor or expressive aphasia 
occurred in 17% of the patients. Speech symptoms 
were observed only if the involved arteries supplied 
the dominant cerebral hemisphere. Other symptoms 
such as dizziness, syncope, headache, seizures, and 
confusion occurred in some of the total group and only 
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these nonclassic symptoms were observed in 15% of 
the patients. 

The severity of the problem and the desire for im- 
mediate treatment by the majority of the patients 
are reflected in an analysis of the time of onset, time 
of the last, and frequency of TIA occurring prior to 
operation (Table 2). Thirty-nine per cent of the pa- 
tients became symptomatic within 3 months of op- 
eration; 53% had multiple attacks at intervals of less 
than 3 weeks; 66% suffered the last attack within 1 
month of operation. Only 13% of the patients had 
histories of single episodes and these single attacks oc- 
curred more than 6 months prior to operation in only 
1% of the patients. 


Bruits and Ophthalmodynamometry 


The results of both a careful examination for bruits 
and ophthalmodynamometry were available in 54 pa- 
tients (Table 3). Definite bruits were heard 84% of 
the time and ophthalmodynamometry was positive in 
59% of the patients. However, ophthalmodynamometry 
was positive in the absence of a bruit 7% of the time. 
Therefore, one or both of the tests were positive in 
91% of the examinations. This, of course, means that 
in 9% of the patients the diagnosis of arterial occlusive 
disease required angiography. 


Electroencephalography 


Electroencephalograms were obtained on 39 pa- 
tients prior to operation and 41% of these patients 
demonstrated at least some minor abnormality on the 
tracing. These abnormalities usually consisted of in- 
termittent mild to moderate focal slowing in the mid- 
temporal and central areas. 


Angiography 

Angiograms were performed which visualized all 
four extracranial cerebral vessels in 63 patients prior to 
operation. Angiograms which visualized the involved 


vessels were obtained in another 18 patients. No angi- 
ograms were obtained in 19 patients who were operated 


TABLE 1. Neurologic Symptoms in 103 Patients with TIA 

Symptoms TIA Only % Patients 

Classic 88 85% 
Ipsilateral Eye 39 39% 
Contralateral Motor or Sensory 61 59% 
Speech 17 17% 

No Classic Symptoms 15 15% 

Other ; 
Dizziness 20 19% 
Syncope 12 12% 
Headache 2 2% 
Seizures § 5% 
Confusion 1 1% 
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TABLE 2. TIA Prior to Operations in 103 Patients 
TIA Number of Patients Percentages 
First 
0-3 mo. 40 39% 
3-12 mo. 24 23% 
>1 yr. 39 38% 
Frequency 
q. 0-7 days 24 23% 
q. 1-3 wks. 31 30% 
q. 1-12 mo. 35 34% 
Isolated 
<6 mo. 12 12% 
>6 mo. 1 1% 
Last 
0-7 days 36 35% 
1-4 wks. 32 31% 
1-12 mo. 34 33% 
>i yr. 1 1% 


on early in the study. In all that were operated upon 
there was a greater than 30% narrowing of the di- 
ameter of the internal carotid artery as seen on the 
AP and lateral angicgram, or by examination of the 
removed atherosclerotic core. 


Operation 

The operations were performed between January 1, 
1961 and December 31, 1966. 

A general anesthetic was used in 94 operations of 
which 7, early in the study, were accompanied by to- 


tal body cooling to esophageal temperatures of 31-32. 
C. A local anesthetic was used in 11 operations. In most: 
of the operations general anesthesia was used and an 


attempt was made to maintain the blood proite at 
normotensive or even slightly hypertensive levels:: 

The operations were performed through a transverse 
incision along a skin crease at the level of the thyroid 
cartilage. The antericr facial vein was divided añd-the 
carotid bifurcation was mobilized—taking care to avoid 
injury to the hypoglossal nerve. A longitudinal arteriot- 
omy was made over the atherosclerotic plaque begin- 
ning at the distal end of the common carotid artery 


and extending along the postero-lateral side of the. in- 
ternal carotid artery to the end of the palpable plaque. 


In some instances, the incision was initially made 
through only the adventitia and outer media to enable 
placement of staysutures and partial performance of 
the thromboendarterectomy before the vessels were oc- 
cluded. Care was taken to remove all of the shreds of 
media and to carefully cut the atherosclerotic intima at 
the point where it fused with normal intima. Five thou- 
sand units of heparin were injected into the distal 
carotid artery after occlusion of the vessels and 50 mg. 
of protamine sulfate were given intravenously follow- 
ing closure of the arteriotomy. The total time of oc- 
clusion was less than 10 minutes in 11% of the opera- 
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Z TABLE 3. Bruits and Ophihalmodynamometry 
Number of 
Bruit Ophthalmodynamometry Patients Per cent 

Present Positive 28 52% 
Present Negative 17 32% 
Absent Positive 4 7% 
Absent Negative 5 9% 

54 100% 


tions and greater than 20 minutes in only 5% so the 
usual time was between 10 and 20 minutes. Internal 
shunts were used on only two occasions when tech- 
nical problems arose which prolonged the period of 
occlusion beyond 25 minutes. In four instances redun- 
dant artery was excised and an end-to-end anastomosis 
performed between the common carotid artery and 
the internal carotid artery. Small rubber tissue drains 
were left through stab wounds in the subcutaneous tis- 
sue for a period of 24 hours, No anticoagulants were 
used in the postoperative period. 

Patients without complications were discharged from 
the hospital within 5 days of operation and were then 
seen periodically. It was possible to maintain direct 
contact with or confirm the death of 100% of the pa- 
tients 5 years following operation. 


Surgical Results 


- Early Clinical Results 


Kighty-two (79%) of the patients were asymp- 
“tomatic during the first 30 days following operation. 
Transient mild weakness of the opposite extremities 
beginning immediately after operation and lasting for 
1 to 2 days was observed in 15% of the patients. At 
the end of this early follow-up period of 30 days, 94% 
of the patients were without neurologic symptoms or 
deficits. One death occurred and was related to a ma- 
jor cerebral infarction and myocardial infarction. 
There were six patients who demonstrated evidence 
of.a definite cerebral infarction with worsening of neu- 
rologic status following operation, including the one 
death, Two of the patients were hemiplegic and apha- 
sic and still showed dysarthria and hemiparesis on dis- 
charge from the hospital. One patient demonstrated 
slight but definite facial weakness. Another showed 
some arm weakness. 

Minor complications were observed following three 
operations. One patient developed a wound hematoma 
which required evacuation. One patient developed a 
wound infection requiring drainage. Eighteen patients 
developed transient weakness of the tongue with de- 
viation toward the operated side presumably secondary 
e to traction on the hypoglossal nerve during operation. 
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Late Results 
The late results recorded included mortality, neu- 


rologic status of the patients, and occurrence of other | 


complications of generalized atherosclerosis. 


Mortatity 

Thirty-five (34%) of the patients died within 5 
years of operation (Fig. 1). The mortality rate during 
the first year was 10%. The mortality rate was 5 to 8% 
for each ensuing year. At the end of 5 years 68 (66%) 
of the patients were alive. 

Myocardial infarctions were considered the cause of 
death of 24% of the patients of which one died in the 
hospital following operation (Table 4). In 17 of these 
25 patients the diagnosis was supported either by a 
convincing clinical course, positive electrocardiogram, 
or an autopsy. The diagnosis of myocardial infarc- 
tion must be considered only probable in the other 
eight patients who died at home, frequently suddenly, 
and on whom no autopsies were performed. Five pa- 
tients died of strokes, One patient died from nephro- 
sclerosis. Three patients died of cancer and one from 
other causes. 

The overall mortality rate of 34% during 5 years 
was analyzed in relation to the preoperative status of 
the patient (Table 5). The mortality rate for patients 
70 to 79 years of age was 52% as compared to 19% and 
38%, respectively, for the 50 to 59, and 60 to 69 
year age group. Thirty-nine per cent of hypertensive 
patients died and 30% of those without hypertension 
also died. There was a mortality rate of 56% in pa- 
tients with atherosclerotic heart disease as compared 
to 27% when arteriosclerotic heart disease was not pres- 


PERCENT 


YEARS 


Fic. 1. Survival rate of 103 patients following carotid endarterec- 
tomy for TIA’s. 
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TABLE 4. Causes of Deaths 








Number % 
Myocardial Infarction 25 24% 
Cerebrovascular Accident 5 5% 
Nephrosclerosis 1 1% 
Cancer 3 3% 
Pneumonia Í 1% 
Total 35 34% 





ent. Thirteen of 14 (93%) of the deaths in patients 
with arteriosclerotic heart disease were secondary. to 
myocardial infarctions as compared to 12 of 21 (57%) 
of patients without arteriosclerotic heart disease. The 
mortality rate in patients with diabetes was 42% as 
compared to 32% in nondiabetics. Of the eight patients 
who preoperatively had both diabetes and arterio- 
sclerotic heart disease, six died within 5 years. 


Neurologic Status 


The late neurologic status was first analyzed in re- 
gard to those symptoms and signs thought to be re- 
lated to lesions of the carotid artery on which the opera- 
tion was performed (Table 6). Seventy-eight of the 
103 patients remained completely free of preoperative 
symptoms throughout their follow-up. Sixteen patients 
continued to complain of the same symptoms but they 
occurred less frequently and on only one occasion in 
four patients. These symptoms consisted of motor and 
sensory losses, dysphasia, or visual symptoms in only 
five patients. The other 11 patients were originally op- 
erated on with nonclassic symptoms such as dizziness, 
poor memory, seizures, or syncope. 

Three of the 103 patients continued to complain of 
the same symptoms with the same frequency following 
operation. One patient continued to have seizures and 
another continued to complain of headaches and 
tremor—repeat angiograms demonstrated patent ca- 
rotid reconstructions. The third patient continued to 
have intermittent episodes of amourosis, and hemi- 
paresis, An angiogram demonstrated thrombosis of the 
reconstructed carotid artery. A second reconstruction 
was performed which also thrombosed. 

Six patients were discharged from the hospital with 
significant persistent neurologic deficits which ap- 
peared soon after operation (Table 7). Three died 
and three lived at ledst 5 years. Three of the six dem- 
onstrated minimal deficits when last seen. One con- 
tinued to have expressive aphasia which interfered with 
his profession as a priest but did not affect activities of 
daily living, Two patients demonstrated significant defi- 
cits which interfered with activities of daily livin g. 

Eighty-eight of the 103 patients were operated on 
for “classic” symptoms of motor and sensory loss, 
dysphasia, or visual disturbances. Seventy-six of the 
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88, or 84%, had no neurologic complications and were 
relieved of their symptoms. Fifteen of the 103 patients 
complained only of nonclassic symptoms of dizziness, 
syncope, headache, seizures, or confusion. Only two 
of the 15, or 13%, were relieved of symptoms. 

Twenty-four of the 103 patients deyeloped new neu- 
rologic symptoms not considered to be related to-le- 
sions of the carotid artery ‘operated on. Twenty-one 
patients complained of motor, ‘sensory, speech, or 
visual symptoms. Three complained only of vertigo, 
ataxia, syncope, or dizziness. Thirteen patients com- 
plained only of transient symptoms. Eleven patients 
suffered completed strokes with residual deficits. which 
were mild in five, moderate in four, and severe in two 
patients (Table 7). Angiograms were available on 15 
of the 25 patients and significant lesions of the unop- 
erated carotid artery were demonstrated in 12 pa- 
tients (11 with TIA and 1 with a completed stroke). 
Carotid endarterectomies were performed on these 12 
patients. 

A total of 17 of the 103 patients demonstrated sig- 
nificant lesions of their opposite carotid arteries and 
endarterectomies were performed within 5 years of 
first operation. This includes the above mentioned 12 
symptomatic patients as well as five patients with . 
asymptomatic carotid lesions. Seventy-one per cent 
of the second operations were performed within 1 year 
of first operation. 

Five patients died of strokes. One patient developed 
an infected false aneurysm which required ligation of 
the carotid artery which caused hemiplegia and 
death 7 months following original operation. One pa- ` 
tient had fewer symptoms following operation but died 
suddenly of a stroke 4 months later. Two patients who 


TABLE 5. Mortality Rate as Related to Preoperative Status 


Mortality Rate 


No. Deaths % 

Age~Years . 
26-49 3 0 0% 
50-59 29 5 18% 
60-69 47 18 38% =x. 
70-79 23 12 52% dee 
80-89 1 0 a% -- 
Hypertension - T 
Present 46 18 39% 
Absent 57 17 30% 
Arteriosclerotic Heart Disease 
Present 25 14 56% 
Absent 78 21 27% 
Diabetes 
Present 19 8 42%, 
Absent 84 27 32% 
Arteriosclerotic Heart Disease 

and Diabetes 
Present 8 6 75% 


* 
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TABLE 6, Late Neurologic Status Related to Operated Carotid Artery 
@ 
Late Neurologic Symptoms 
Fewer Same Early Worsening—Late Neurologic Deficits 
Number of a eee 
Category Patients None Classic Nonclassic Classic Nonclassic None or Mild Moderate Severe 
Died 35 23 3 © 4 0 2 1 1 1 
Lived 68 55 2 7 1 0 2 0 1 
Total 103 78 5 11 i 2 3 1 2 


had early worsening following operation with moderate 
and severe residual deficits, died following further pro- 
gression of neurologic deficits, 26 and 59 months after 
operation. One patient had no neurologic symptoms 
referable to the carotid artery operated upon, but 
died of a stroke with symptoms referable to the op- 
posite carotid artery 32 months later. 

Neurologic deficits were present in 18 patients at 


' the end of the study. Of the 35 patients who died, three 


had deficits as a result of original operation, seven had 
deficits related to lesions of the opposite carotid artery, 
and one patient suddenly died of a stroke without 
prior neurologic deficits. There were 68 living patients 
of whom four had mild deficits, two had moderate 
deficits, and one was severely incapacitated. 


Discussion 


The risk of death within 30 days following carotid 


. endarterectomy for symptoms of TIA is very low. There 


was only one death in this series and in all of the larger 


-series of cases reported, the operative mortality rate 


< has been less than 5%,?3.5,10,11,12 


The.risk of death within 5 years of operation is sig- 
nificant. Thirty-four per cent of the patients in this 
series died, It is difficult to compare this mortality rate 
with other series because of differences in methods of 
reporting. However, in a controlled and randomized 
study*the mortality rate in a follow-up averaging 42 
months was lower in the operated group than the con- 
trol group. 1 The 34% mortality rate is not unlike that 
observed in other series of patients with symptomatic 
atherosclerotic lesions followed for just 5 years. Boyd 
followed 1,476 patients with intermittent claudication 
of the lower extremities due to arteriosclerotic occlusive 
disease.* The estimated 5-year mortality rate of pa- 


TABLE 7. Cerebrovascular Accident-Opposite Side with Neurological 
Defictt 
Mild Moderate Severe 
Died <5 yrs. 3 2 2 
Lived 5 yrs. 2 2 0 
e Total 5 4 2 


tients in the 45-74 year age group was 28%.* Serial 
evaluations were made on 103 patients with autogen- 
ous venous bypass grafts performed for atherosclerotic 
occlusive disease of the femoral and popliteal arteries.” 
The 5-year mortality rate was 26% for patients op- 
erated on with symptoms of claudication, 42% if pain 
at rest was present, and 76% when the indication for 
operation was gangrene. 

The causes of death were remarkably similar in 
the two groups of patients. Myocardial infarctions 
were responsible for the death of 24% of patients who 
had carotid eridarterectomies and 26% of the patients 
who had venous bypass grafts. Other complications of 
atherosclerosis were responsible for the deaths of an 
additional 6% of the patients in each group. Five 
per cent of this group died of strokes. 

The mortality rate was influenced by the preopera- 
tive status of the patient. Fifty-two per cent of the 
70-79 year old group, as compared to the 19% of the 
50-59 year old group, died within 5 years. Of the 25 
patients with preoperative evidence of arteriosclerotic 
heart disease 14 (56%) died whereas only 27% of 
those without angina or electrocardiographic changes 
died. Six of the eight patients with both arteriosclerotic 
heart disease and diabetes did not survive 5 years. 

Carotid endarterectomy provided permanent relief 
of preoperative symptoms in 76% of the patients. 
However, when the preoperative symptoms were of 
the type classically associated with carotid lesions 84% 
of the patients were relieved. If the symptoms were 
nonclassic only 13% were relieved. This failure to sig- 
nificantly effect nonclassic symptoms was previously 
observed by Fields.® This suggests that either the pa- 
tient’s symptoms were not related to the carotid le- 
sion or that carotid endarterectomy cannot improve 
symptoms related to associated vertebrobasilar insuf- 
ficiency as effectively as we had hoped. 

There is a slight risk of developing permanent neu- 
rologic deficit during, or soon after, operation and this 
incidence has been reported as being between 1 and 
7.7%. We observed a 6% incidence in this series but 
three of the deficits were minor. Transient deficits 
were observed in another 15 patients. The incidence of 
all of these early neurologic complications has decreased 
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with experience. Symptoms of stroke which were 
consistent with the carotid artery operated upon were 
observed in eight patients of which six occurred at the 
time of operation and only two occurred during the 
follow-up period. 

The fact that the carotid stenosis operated upon 
was only part of a generalized process was emphasized 
by the fact that 11 patients suffered strokes compatible 
with other lesions of the extracranial cerebral vessels. 
The additional 17 patients who underwent endarterec- 
tomy of the opposite carotid artery within 5 years of 
original operation reflects the usually widespread na- 
ture of atherosclerotic lesions. | 


Conclusion 


The status of 103 patients 5 years following carotid 
endarterectomies performed for transient cerebral 
ischemic attacks (TIA) was analyzed. 

Thirty-four per cent of the patients died within 5 
years. Twenty-four per cent of the patients died of 
probable myocardial infarctions and an additional 5% 
died of strokes. Mortality rates were increased when 
there was preoperative evidence of arteriosclerotic 
heart disease or diabetes or if the patient was over 70 
years of age. 

Carotid endarterectomy provided permanent relief 
of classical carotid occlusion symptoms of contralateral 
motor or sensory loss, ipsilateral visual disturbances, or 
dysphasia in 84% of the patients. Symptoms such as 
dizziness, syncope, headache, seizures, and confusion 
disappeared in only 13% of patients who were op- 
erated upon for only those nonclassic symptoms. 

Twelve per cent of the patients had endarterec- 
tomy of the opposite carotid artery for appropriate 
neurologic symptoms and 5% of the patients had pro- 
phylactic endarterectomies for asymptomatic lesions. 

Sixty-six per cent of the patients were alive at 5 
years of whom only three had significant neurologic 
deficits and four had mild deficits. : 


Discussion 


Dr. Jesse E. THompson (Dallas): As Dr. Rob has shown so 
nicely, patients with TIAs are ideal candidates for stroke pre- 
vention by means of carotid endarterectomy. 

Among untreated patients reported in the literature, an average 
of 35% developed actual strokes if followed up to 5 years and in 
one study from England, the incidence was 62 per cent. 

Our figures are very similar to Dr. Rob’s in all respects. In our 
total series of 537 TIA operations, over a 16-year period, the 
average mortality was 0.7%. In the last 10 years, since general 


- anesthesia and a temporary inlying shunt have been used rou- 


tinely, operative mortality in 420 TIA cases has been .5%, which is 
quite acceptable. 
With the routine use of a shunt for cerebral protection, the 
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total incidence of permanent neurologic deficits related to opera- 
tion has been 1.5% and most deficits are now related to emboliza- 
tion or severe postoperative hypertension. 

The long-term functional results have alsa been satisfactory. 
81% of the survivors have had no further TIA while an additional 
15% have had fewer attacks of less severity. The total incidence 
of strokes, including operation induced, long-term, fatal and non- 
fatal, has been 5%, or a seven-fold reduction in the expected inci- 
dence among untreated patients. 

Despite these results however, the fourth parameter, long-term 
survival, so far has shown no statistically significant improvement. 
The majority of long-term deaths, as Dr. Rob showed, are now 
cardiac rather than cerebral in origin. 

Thus, hypertension and coronary artery disease, especially when 
associated with previous myocardial infarction, appear to be limit- 
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ing factors in ae and carry a great deal of relevance in the 
prdper selection of patients for operation. 

In cerebrovascular insufficiency, however, morbidity is almost as 
important as mortality and should be emphasized therefore, that 
the quality of survival without a stroke is a very worthwhile and 
justifiable consideration in these elderly patients with generalized 
atherosclerotic disease. 


Dr. Georce R. Dunar (Worcester): Dr. Rob has been a 
pioneer in this field. Over the years he has Jed us down a rather 
sane and safe path so that we can better care for our patients 
and I am sure that the public and the profession are in his debt. 

Through a fortuitous circumstance, I happened to be in his 
operating room at St. Mary’s Hospital one cold winter morning in 
1954, when the first patient with carotid stenosis was being op- 
erated upon. At that time, the operation was done under hypo- 
thermia and the stenotic lesion was resected with an end-to-end 
anastomosis. . 

Hypothermia was induced by piling ice bags on the patient, 
tu¥ning on the electric fans and opening the window. After 2 
hours of the cold ‘London weather, the ice bags and the fan, the 
patient’s temperature reached a safe level and the operation pro- 
ceeded. It was highly successful. This woman als had had 
many transient ischémic episodes was cured. From that starting 
point, the rest of us over the years have been better able to help 
our own patients. 

Dr. Rob has talked about the indications for operation and this 
is an area where we still need his help. 

Two years ago, in. response to a question as to whether the 
asymptomatic patient should have a carotid endarterectomy, he 
indicated that if all took a more careful history, it would be found 
that more and more patients, in truth, did have symptoms. 

But, despite those words of advice, there still are cases where 
some of us are a little in doubt. For example, what does one do 
about the patient with bilateral carotid bruit who shows a small 
cholesterol embolus in the retinal artery on routine examination? 

Jf it is assumed that these patients are tossing off small emboli, 
either cholesterol or platelet, without other symptoms should they 

. be considered candidates for endarterectomy? 

‘What about the patient who has had a transient stroke recoy- 

ered, thrombosed one carotid artery and has an asymptomatic 
“stenosis on the other side? 
I would like to hear Dr. Rob’s thoughts on these two situations. 


Dr. A. Rosert Corpett. (Winston-Salem): We remain in- 
debted to Dr. Rob and his colleagues for this important contribu- 
tion which helps us to answer the difficult question of the role of 
surgery in occlusive disease of the cerebral vascular system. 

` It is particularly fitting that continuing work and worthwhile 
data should come from those who developed this operation. 

The group at Bowman-Gray has followed 82 patients for a 
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mean period of 3.8 years after carotid endarterectomies and many 
of our data corroborates that from Rochester. 

At the present time (this study is continuing), 66% remain 
asymptomatic, 9% had some recurrent transient ischemic episodes, 
6.5% had a stroke since the operation, and 23% have died during 
follow-up, usually of some complication of atherosclerosis. 

Operative blood flows on 50 of this 86 patient group are inter- 
esting in the overall evaluation of the findings. | 

In this slide, the blood flow is on the left and these are the 
intraoperative figures, before and after endarterectomy. 

The wide range is interesting in this group which goes from a 
liter down to as low as less than a hundred milliliters. The mean 
is in the 350 milliliters per minute range in the ecmmon carotid 
artery. Endarterectomy has relatively little effect in the overall 
blood flow as measured. 

These measurements in this slide are in the external carotid 
artery and it is interesting that very little change occurred as a 
result of endarterectomy. 

This is the important slide and shows that there has been a 
mean increase in blood flow in the internal carotid artery as a 
result of endarterectomy. However, this is probably still not the 
most important indication for operation in these patients. Preven- 
tion of embolization from ulcerated plaque is probably more bene- 
ficial. Perhaps a major factor in long-term evaluation is continuing 
progress of occlusive disease. Such tends to negate benefit from 
operation. 


Dr. Cuantes G. Ros (closing): I fully agree with Dr. Cordell 
that the blood flow is not increased very much with this pro- 
cedure, but hopefully it prevents micro-emboli which is one of 
the major factors. I also very much enjoyed Dr. Thompson’s com- 
ments. He and I have seen-eye to eye on this for many years and 
I would like to thank him for speaking. 

It is true that Dr, Dunlop was there when we performed the 
first operation in London in 1954, I would like to answer his 
questions first. 

First, about the patient with the cholesterol embolus and a 
carotid bruit, I would operate on that patient because I think one 
of the main purposes of this operation is to try to prevent micro- 
emboli. | l 

With regards to the patient with the thrombosis on one side 
and asymptomatic stenosis on the other, I think our paper answers 
that question to a certain extent and that is, the high incidence 
of involvement of the opposite carotid artery in our patients. 

I feel that probably one should operate on the other side, if 
you have a significant stenosis whether it is symptomatic or not. 

In conclusion, I would like to mention one thing which was 
probably just luck—the patient we operated upon in 1954 at that 
time was aged 66. She is still alive and her doctor wrote to 
me recently and said “In spite of you, she appears to be inde- 
structiblel” i 
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HE POST-TRAUMATIC form of the respiratory dis- 
T tress syndrome is characterized by a diminished 
arterial oxygen tension that is generally unresponsive 
to increases in inspired oxygen concentration and is 
associated with an increased shunting of blood through 
non-ventilated portions of the lung.! Improvements in 
arterial oxygen tension (Pao) will usually occur when 
the non-ventilated portions of the lung become open to 
contact with the inspired gas mixture by the use of a 
mechanical ventilator. Positive end-expiratory pressure 
(PEEP) will often accomplish this goal as demon- 
strated by an increase in Functional Residual Capacity 
(FRC).?? For this reason, PEEP has been widely ad- 
vocated for the posttraumatic form of the respiratory 
distress syndrome." Caution concerning the indiscrim- 
inate use of continuous positive airway pressure has been 
advised since the work of Cournand* and others.?:3.? 
Analysis of our preliminary data obtained from 33 
severely injured patients including 73 separate altera- 
tions in the level of PEEP indicated that in roughly 4s 
of these an increase of PEEP resulted in a worsening 
rather than an improvement in the calculated shunt. 
In some patients PEEP produced a reduction in oxygen 
delivery to the tissues and a fall in tissue oxygen con- 
sumption. This report is an analysis of some of the phys- 
iologic consequences of increased airway pressure on 
ventilation, cardiac output and on the peripheral utiliza- 
tion of oxygen. Each individual observation consists of 


Presented at the Annual Meeting of the American Surgical As- 
sociation, Los Angeles, California, April 25-27, 1973. 

This work was supported by Grant No. GM 15426 from the 
National Institute of General Medical Sciences and the General 
Clinical Research Center, Grant No. 5M01-RR00094m. 


CUSTEAD, PH.D., ROBERT DUTTON, M.D. 


From the Departments of Surgery and Physiology, 
Albany Medical College of Union University and the 
Systems Engineering Division, Rensselaer Polytechnic 

Institute, Troy, New York 


two sequential data profiles at different levels of PEEP. 
Each profile is made up of nine simultaneously measured 
and five derived variables. 


Methods and Materials 


Thirty-three patients were admitted to the Trauma 
Research Unit of the Albany Medical College with a 
decreased arterial Po, which was found to be refractory 
to an increased inspired oxygen concentration. Twenty- 
five had suffered acute multiple trauma and eight de- 
veloped arterial hypoxemia as a complication of a major 
surgical procedure. Ten patients were over the age of 
65 years. At the time of admission to the unit, each pa- 
tient was intubated with an endotracheal tube, a Swan- 
Ganz catheter was advanced into the pulmonary artery 
and a radial artery was cannulated. Urine volume and 
composition, ECG, EEG and rectal temperature were 
intermittently monitored in most patients. Respiratory 
gas flow was measured with a bag-box wedge spirom- 
eter assembly which was specially designed for use 
with a mechanical ventilator.” Expired gas was con- 
tinuously sampled from the endotracheal tube and 
the concentrations of Oo, CO and Nz determined by a 
specially modified mass spectrometer. Airway pressure 
and in some patients esophageal pressure, was monitored 
by strain gauge manometers. Cardiac output was mea- 
sured by the dye dilution technic using cardiogreen dye 
and a Gilford densitometer. Mixed venous blood was ° 
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obtained from the Swan-Ganz catheter in the pulmonary 
artery and arterial blood was taken from the indwelling 
radial artery cannula. In a number of previously studied 
patients, mixed venous blood was obtained from a cen- 
tral venous catheter. Because of the unrealiability of this 
sampling site, these data have been excluded. Blood gas 
analyses were carried out using Poz, Pcos and pH elec- 
trodes*. Oxygen content was obtained from standard 


- nomograms. Central venous, pulmonary artery and pul- 


monary wedge pressures were obtained from the Swan- 
Ganz catheter and were measured with strain-gauge 
transducers. 

Analog voltages from the wedge spirometer, mass 


_ spectrometer and densitometer were transmitted on-line 


to a medium size digital computer (PDP-15) for analog 


to digital conversions. Expired quantities of nitrogen 
and carbon dioxide were computed by integration of the 
cross product of the expiratory flow signal (wedge spirom- 
eter) and gas concentration signal (mass spectrom- 
eter), Cardiac output was obtained from the dye curves 
by a special computer program which estimates the 
slope of a semilog plot of the exponential portion 
of the curve by a least squares fit and compares this 
estimated value with the original data. The printout 


. reports an analysis of variance as a test of the correct- 


ness of the derived slope. 

Pulmonary shunt fraction was computed off-line using 
the Berggrens formula with appropriate correction for 
shift in the oxygen dissociation curve, hemoglobin con- 


„centration and dissolved oxygen. (Error of determina- 
_ tion 3%) Oxygen delivery was obtained from the product 
-Öf cardiac output and arterial oxygen content. Tissue 


oxygen. consumption was calculated from the product 
of the’ arterial minus venous oxygen difference and the 
cardiac output. 

Pulmonary vascular resistance was calculated when- 
ever possible from the difference between pulmonary 
artery and pulmonary wedge pressures and the cardiac 
output. If the pulmonary wedge pressure increased 
as a result of increased mean airway pressure at a 
time when cardiac output decreased, it was assumed 
that the wedge pressure did not estimate left atrial pres- 
sure. A rise in true left atrial pressure associated with 
a fall in cardiac output would be indicative of left ventric- 
ular failure, an unlikely occurrence to result from in- 
creased airway pressure. Alternatively an increase in 
alveolar pressure due to PEEP to levels above that in 
the left atrium will cause the alveolar pressure to be the 
principal determinant of the pulmonary vascular resis- 
tance. It appears that pulmonary wedge pressure will, 
therefore, accurately reflect changes in pulmonary vascu- 
lar resistance provided that the catheter is located in an 
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area of the lung which is representative of most of the 
pulmonary vascular bed. 


Results 


Patients admitted to the trauma unit showed an 
average pulmonary shunt of 26% after a 10-minute 
period of 100% oxygen breathing. The measured (A-a) 
D Og, gradient depends on both the shunt fraction and 
the mixed venous Pos, and was not in itself an accurate 
prediction of the degree of shunting. PEEP was utilized 
in all patients in an attempt to reduce the level of shunt. 
In 17 of 71 paired determinations the shunt increased, 
in an additional 24 instances did not result in the ex- 
pected decrease. The patients were divided into two 
groups for analysis based on whether the shunt de- 
creased or remained the same (Group I) or increased 
(Group II) with the addition of PEEP. Each data pair ~ 
usually represented an increase of 5 cm. HO pressure 
although the increase varied from 0-15 cm. H:O depend- 
ing on the severity of the pulmonary lesion and the 
therapeutic requirements of the patient. The mean 
value of the shunt was 26% in Group I and 22% in 
Group II. Cardiac index at the lowest level of PEEP 
(usually O cm. H:O) was 4.9 1/min/M? in Group I and 
only 3.7 1/min/M? in Group I. FRC measured at the 
lowest level of PEEP averaged 1454 ml. and 1563 ml. 
respectively in Group I and II. Oxygen consumption at 
the same conditions averaged 158 ml./min/M? and 165 
ml./min/M?. Pulmonary vascular resistance was lower 
in Group II (95) than Group I (120). 


Effects of Increasing PEEP 


In a total of 73 paired data sets on 23 patients, the 
addition of 5-10 cm. H,O increments of PEEP resulted 
in a decrease in pulmonary shunt in 54 instances. In 24 
such therapeutic interventions there was no change 
whereas in 17 of the 73 shunt increased. This latter 
series of 17 pairs of data forms Group II of this study. 
Any individual patient might appear in both groups 
as a result of different levels of PEEP or of different 
times in their clinical course. 


Functional Residual Capacity (FRC) 


In every case where PEEP resulted in a decrease in 
shunt (Group I) there was an increase in FRC ( Fig. 1); 
in contrast, the Group IJ data pairs show a decrease 
in FRC with the addition of PEEP in seven of 19 sets 
and a smaller increase in most of the remainder. A signif- 
icant increase in FRC, 400 ml. or more per 5 cm. increase 
in PEEP, is the single most important determinant of a 
decreased pulmonary shunt. 


Cardiac Output 
PEEP produced a fall in cardiac output in 36 of 70 
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sets (Fig. 1). There was no significant difference be- 
tween Groups I and II. No direct attempt was made to 
improve cardiac output following the addition of PEEP 
by either inotropic agents or by increasing the fluid load. 


Oxygen Consumption 

In 15 of 50 data sets in Group I there was a fall in 
peripheral oxygen consumption even though the shunt 
improved (Fig. 2). This surprising result was invariably 
associated with a decrease in cardiac output that more 
than offset the beneficial effects of the improved shunt. 
In Group II this fall in oxygen consumption occurred 
in 12 of 16 situations and in three more no improvement 
resulted from the addition of PEEP. In almost every 
instance in which a fall in cardiac output resulted, there 
was a corresponding fall in oxygen consumption. When 
cardiac output increased so did oxygen consumption 
(r = 0.64). Oxygen consumption was highly correlated 
with oxygen delivery (Figs. 3 and 4). 


Pulmonary Vascular Resistance 


Pulmonary vascular resistance usually but not in- 
variably reflected a change in cardiac output (Fig. 5). 
Increased airway pressure resulted in an increase of pul- 
monary vascular resistance in 15 of 22 instances in Group 
I and in 5 of 14 in Group II. In each instance in which 
pulmonary vascular resistance changed with increasing 
PEEP there was an associated change in cardiac output 
(Fig. 5) (r = 0.79). 


Pulmonary Wedge Pressure 


The change in pulmonary wedge pressure was gen- 
erally in the same direction as the pulmonary vascular 
resistance. Increases in pulmonary wedge pressure were 
usually associated with a fall in cardiac output. This 
occurred 11 of 12 instances in Group I but was less 
predictable in Group II. A fall in pulmonary wedge pres- 
sure with increasing levels of PEEP was an unusual 
event (four instances in Group I), but was associated 
with a rise in cardiac output in three. 


Discussion 


The application of PEEP to patients suffering from 
the posttraumatic form of the respiratory distress syn- 
drome may have at least three separate physiologic con- 
sequences, These are an increase in the number of ven- 
tilated alveoli as evidenced by an increased functional 
residual capacity, a change in cardiac output and a 
redistribution of blood flow within the lung from regions 
that are well ventilated to regions of poorer ventilation. 
The net effect of PEEP on the oxygen concentration of 


~. arterial blood on oxygen delivery to tissues, and ulti- 


mately tissue oxygen consumption, is a result of the 
relative magnitude of each of these effects. An increase 
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Fic. 1. Numbers of therapeutic interventions which resulted in 
an increase or a decreese in functional residual capacity, cardiac 
output and pulmonary vascular resistance. Group I consists of 
those instances where an increase in PEEP produced a decrease 
in the shunt fraction, Group II those which resulted in an in- 
creased shunt. 


in FRC is indicative of a further expansion of already 
open alveoli as well as to an opening of. previously 
nonventilated alveoli and will be manifested. by a fall 
in the calculated pulmonary shunt and an increase in 
arterial oxygen concentration.” This effect was seen in 
the majority of patients in this study. Oxygen delivery 
to the tissues, however, depends on the product of 
arterial oxygen concentration and the cardiac output. 
The effect of PEEP on the circulation is, therefore, of _ 
equal importance to its effect on ventilation. In one-half `. 
of this series, PEEP produced a fall in cardiac output., 
In approximately one-third of all instances, the observed ` 
fall in output out-weighted the improved arterial-oxygen_ 
content with a consequent decreased oxygen .delivery 

and a fall in tissue oxygen consumption. This phenom- 

enon of decreased cardiac output and oxygen consump- ` 
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Fic. 2. Numbers of therapeutic interventions which resulted in 
increases or decreases in cardiac output, oxygen consumption , 
and arterial oxygen tension. 
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Fic. 3. Absolute changes 
in oxygen consumption 
(ml./min/M?) and car- 
diac output (L/min/M?) 
in response to PEEP. 
Initial values before the 
step increase in end- 
expiratory pressure are 
shown with open circles. 
Correlation of the change 
in oxygen consumption 
with change in cardiac 


output yields r = 0.64. 
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tion with the institution of PEEP had been previously 
noted by Uzawa and Aschbaugh™ in an animal model 
of the respiratory distress syndrome. The almost linear 
relation between cardiac output and tissue oxygen con- 
sumption (Fig. 3) was one of the most surprising and 
most consistent findings of this study. Increases in car- 


_ diac output to very high levels was accompanied by an 


‘increase in oxygen consumption that never reached a 
plateau. This observation is consistent with Fales® who 
studied the relationship between oxygen consumption 
.and blood flow in the isolated hind limb of the dog. 
There was a positive linear correlation with oxygen 
consumption for all observed values of flow. Our 
studies suggest that a maximum level of oxygen con- 
sumption was never achieved at any level of cardiac 
output. Some evidence for anaerobic glycolysis would, 
therefore, be expected at all levels of oxygen consump- 
tion with decreasing lactic acid production as flow in- 
creases, Gazzaniga® has recently studied muscle surface 
pH, a reflection of anaerobic glycolysis, at various flow 
rates in the hind limb of dogs. Oxygen consumption 
calculated from their data revealed a decrease with 


decreasing flow rates and was accompanied by a fall 
in muscle pH. 

The physiologic mechanism involved in the reduction 
of cardiac output has been studied in normal animals? 
and normal man‘ and has been ascribed to a decrease 
in the filling pressure of the right heart. Increased airway 
pressure will be partially transmitted as an increase in 
intrathoracic pressure so that the net right ventricular 
filling pressure (ventricular end diastolic minus intra- 
thoracic) will decrease. There are at least two other 
mechanisms which may alter cardiac output as a con- 
sequence of increased PEEP. Improved arterial oxygen 
content as a result of PEEP may increase the peripheral 
resistance and decrease the rate of venous return to the 
right heart. PEEP increases pulmonary vascular resistance 
by a direct compressive effect on the pulmonary capil- 
laries. Evidence for all three mechanisms occurred in 
this series with the most important being the effect on 
pulmonary vascular resistance (Fig. 5). The levels of 
PEEP used in these patients (maximum 10 cm. H20) 
rarely if ever approached the pressure which Cournand* 
found to be associated with a significant fall in stroke 
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Fic. 4. Absolute changes 
in oxygen delivery (car- 
diac output x arterial 
oxygen content) in re- 
sponse to PEEP (r ap- 
proaches 1.0). 
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volume (15-20 cm. H20). Decreased pulmonary com- 
pliance in patients with respiratory distress syndrome 
would limit the effect of PEEP on intrathoracic pressure 
to less than one-half of its absolute value, a change in 
amount which by itself could not account for the ob- 
served fall in cardiac output. On the other hand, the cal- 
culated pulmonary vascular resistance was increased in 
20 of 36 instances when the cardiac output fell (Fig. 5). 

The deleterious effects of PEEP on cardiac output in 
our patients was, therefore, due to the additive effect of 
the increased pulmonary vascular resistance and limited 
or slightly decreased filling pressure of the right ventricle 
(Fig. 6). In the normal individual, an increase in pul- 
monary vascular resistance produces a rise in filling 
pressure and consequent increase in stroke volume. Any 
increase in intrathoracic pressure which results from 
PEEP will tend to reduce right ventricular filling pres- 
sure at the time when an increase is necessary to preserve 
stroke volume. Caldini? has shown that with rapid 
fluid infusion into the right side of the heart the cardiac 
output can be increased to very high levels in the face 
of increased pulmonary vascular resistance. It is prob- 


~ able that the reduced cardiac output seen in almost half 


the patients of this study could have been avoided in at 
least some cases by more vigorous intravenous fluid 


therapy. Another possible mechanism for decreased left ~. 
ventricular stroke volume is an increased transmural pres- ` ` 
sure across the ventricular wall. This might result from ` 
the increase in intrathoracic pressure and could decrease 
coronary blood flow especially in older patients with 
coronary artery disease.” In this regard 13 of 19 patients 
over the age of 55 showed a fall in cardiac output with 
the addition of PEEP. 

An increase in cardiac output was seen in some patients 
of both groups following the application of PEEP and | 
was generally associated with a decrease in shunt. Im- 
provement in alveolar Poz in the poorly ventilated alveoli 
as evidenced by a decrease in shunt would be associated 
with a fall in vascular resistance to these areas. Lopez- : 
Majano? has demonstrated that regional alveolar hy- 
poxia results in a decrease in regional pulmonary blood 
flow in man. This effect is due to a local increase in 
pulmonary vascular resistance. Conversely, an improve- 
ment in alveolar Pos of these areas as a result of PEEP 
would lead to a net reduction in pulmonary vascular 
resistance and a consequent increase in cardiac output. 
It is of interest that a fall in pulmonary vascular resistance 
would result from improved ventilation of poorly venti- 
lated regions (virtual shunt) as well as from reopening 
of completely non-ventilated alveoli (true shunt). Table 
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Fic. 5, Relation of the pe cent change in cardiac index to the 
per cent change in pulmonary vascular resistance following a 
change in PEEP (r — 0.79). 


1 illustrates the data from such a patient. Our hemody- 
namic studies in the patients of this series were not car- 
ried out during the period of 100% oxygen breathing 
which was used for the shunt calculation. It is probable 
that those patients in Group II who demonstrated a fall 
in vascular resistance with PEEP would have fallen into 
Group I if the effect of PEEP on the shunt had been ob- 
served at the same inspired Poz as were used for the 
hemodynamic studies, 

Regional pulmonary vasoconstriction will occur in 
: régions of alveolar collapse and will tend to divert blood 
awayifrom the collapsed alveolar unit and through the 
better ventilated portions of the lung, This is a normal 
compensatory mechanism that acts to minimize the effect 
of. the decreased FRC and collapsed alveoli. PEEP on 
‘the other hand will obstruct precisely those capillaries 


TABLE 1. Virtual shunt obtained during a period of 20% oxygen 

breathing and true shunt obtained after 10 minutes of 100% oxygen 

breathing at two levels of PEEP. Virtual shuni improves with increased 
PEEP whereas true shunt does not. 


PEEP = 5cmH.0 


FRC Shunt 
~ Time Washout Gas Composition (ml) (%) 
1415 20% 02-80% Argon 2451 22.1 
1435 100% 02 1611 13.6 
PEEP = 10cmH,.0 
FRC Shunt 
Time Washout Gas Composition (ml) (%) 
1550 20% 02-80% Argon 2413 11.4 
1610 100% 0-2 1070 15.3 
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which flow past ventilated units since the positive pres- 
sure will be predominantly transmitted to open alveoli. 
The net effect of PEEP may, therefore, be to override 
the natural compensatory mechanism and direct pul- 
monary blood fow passed collapsed or non-ventilated 
portions of the lung (Group II). PEEP can have a 
beneficial effect on pulmonary shunting only if non- 
ventilated alveoli are recruited as evidence by an in- 
crease in FRC. 

These studies suggest that a significant physiologic 
parameter in the management of the severely injured 
patient is the peripheral oxygen consumption. Shunt 
fraction and cardiac output frequently, but not invariably 
reflected improvement in tissue oxygenation. Increases 
in the quantity of oxygen delivered to the tissue, how- 
ever, resulted in increased oxygen utilization. Cardiac 


outputs in the range of more than twice normal with ` 


high oxygen saturations was incapable of satisfying the 
oxygen demands of these patients. The optimum level of 
oxygen consumption in thé severely injured patient 
has not been determined but the very high cardiac indices 
seen in these series is apparently a biologic response to 
an increased oxygen demand. A continuous rise in 
oxygen consumption which paralleled the rise in oxygen 
delivery is at variance with the concept of a block in 
cellular oxygen transport or utilization. The peripheral 
tissues are apparently able to utilize the increased 
quantity of oxygen which is provided by the high cardiac 
output. 

PEEP is a therapeutic intervention which has the 
potential for increasing oxygen delivery in patients with 
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Fic, 6. Physiologic mechanisms for the decrease in cardiac out- 
put seen in approximately one-half of the therapeutic interventions 
with PEEP. Increased alveolar pressure increases pulmonary 
vascular resistance while increases in intrathoracic pressure limit 
the filling of the right ventricle. The effects are additive. 
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increased pulmonary shunting. This was accomplished 
in most of the patients of this series (Group I) by in- 
creasing the oxygen content of arterial blood following 
a decrease in the magnitude of the shunt and in addition, 
in some patients, by increasing cardiac output. Both 
the decreased shunt and the decreased pulmonary vas- 
cular resistance occurred as a result of an increase in 
FRC. On the other hand, in some patients the improved 
shunt was more than offset by the fall in cardiac output 
with a consequent reduction in oxygen delivery and 
consumption. 

A small group of patients (Group II) demonstrated 
an increased shunt in response to PEEP and in a major- 
ity of these an associated fall in oxygen delivery and con- 
sumption. The effect of PEEP in this group of therapeutic 
interventions was probably detrimental to the patients 
clinical course. | 

Ideal management should produce an increased 
oxygen consumption. This generally occurred when 
the application of PEEP resulted in a fall in the shunt 
fraction without a significant rise {more than 2 cm. 
H:O) in pulmonary wedge pressure. On the other hand, 
an increase in shunt fraction especially when associated 
with a fall in arterial Poz was indicative that not only 
had blood been driven past poorly ventilated alveoli 
but that a fall in cardiac output had likely occurred. This 
sequence was an indication for the immediate reduction 
in the level of PEEP. 


Summary 


1) Mechanical ventilation with PEEP may affect 
favorably the pulmonary shunt fraction by opening 
collapsed alveolar units. This can be demonstrated by 
an increase in FRC. In some patients, PEEP may cause 
a worsening of the shunt fraction by shifting the dis- 
tribution of pulmonary blood flow toward non-ventilated 
regions of the lung. 

2) PEEP may result in an increase or a decrease 
in cardiac output due primarily to its effect on pulmo- 
nary vascular resistance. 

3) Ideal ventilatory therapy is demonstrated by an 
increase in tissue oxygen consumption. 

4) Management of these difficult patients is most 
easily accomplished when facilities for the measurement 
of FRC, cardiac output, pulmonary vascular resistance 
as well as blood gases are available. 


Discussion 


Dr. Tuomas F. NeaLon, Jr. (New York City): This is a very 
worthwhile adjunct to the treatment of ventilator patients who 
require adequate ventilation and more important—adequate oxy- 
genation. Dr. Powers’ suggestion that the measure of wedge pres- 
sures may help to determine in which instancés this procedure 
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5) The measurement of pulmonary wedge pressfire 
in addition to the shunt fraction provides a usually 
reliable guide to the altered pattern of pulmonary hemo- 
dynamics which may occur with the use of PEEP. These 
combined measurements will help to dene the level of 


PEEP that will adversely effect the clinical course of 
the patient. 
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will be beneficial, is certainly a worthwhile clinical adjunct that 
we might now use. 

Since this is such a beautiful physiologic study, I would like to 
bring up one clinical problem that we have encountered with this 
particular technic. 

We have been concerned with the large numbers of pneu- 
mothoraces seen at our hospital. Dr. Steier in our department has 
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foand there was a precipitous increase in number of these occur- 
rences in the patients who were being ventilated. We found that 
there was only 4 quarter per cent incidence in those patients who 
were ventilated with pressure ventilators, which increased to 7% 
when voliime ventilators were used and it increased to 17% when 
PEEP was included. 

As a matter of fact, at the thoracic meetirig last week, there 
were several reports in which the incidence of pneumothorax with 
PEEP ran as high as 20%. This should not discourage the use of 
this procedure because it is extremely valuable and possibly the 
only technic to use in those patients when there is difficulty in 
providing adequate oxygenation. a 

Conversely, I think it is very important to be aware of this cata- 
strophi¢ event and unless it is recognized immediately, and de- 
compressed, pneumothorax can be a fatal complication. 

However, it certainly should not discourage the use of this very 
valuable technic. 


Dr: Georce H. A. Crowes, Jr. (Boston); Sam Powers, in my 
‘Opinion, has done a tremendous thing for us in his work during 
the pdst few years in clarifying the physiological effects of res- 
piratory dysfunction and the use of respirators as applied to man. 
+I think we all owe him a debt for coming up with the kind of 

data he showed this morning. . od 

Another point which should be mentioned is that perhaps the 
way to avoid having to use PEEP is to start using a respirator 
earlier in the patient’s course. I have become very much impressed 
with the reduction in respiratory problems that we have had with 
septic, injured, post-shock patients, simply by followirig the rule 
that, if on breathing air 4 patient’s arterial blood oxygen tension 
is less than 65 mm. Hg, we will intubate him, start him on a 
respirator and regulate the blood gases. Later the question is 
asked as to why he has respiratory trouble. It is my impression 
that we have nearly halved the number of serious shunt problems 
on our general surgical service. | 

I would like to consider with you one other problem. Sam 
Powers, has shown us that we may reduce the cardiac output 
setiously by the injudicious use of PEEP. We might ask the 
Den why does the patient have a high cardiac output in the 
_ first place? Well, it is partly because he may be pumping poorly 
: oxygenated blood, but more importantly it is because people who 
‘are in the post-injury state or who are seriously septic have a low 
‘peripheral vascular resistance probably due to peripheral meta- 
bolic disorders. If they are to do well, they must have a high 
cardiac output. | 

‘What is the effect of lowering this cardiac output by PEEP or 
other mechanisms? First of all, the venous oxygen tension is 
reduced and this in turn makes the shunt situation appear much 
worse, as Dr. Powers has shown by his calculations. In other 
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words, the oxygen tension in the arterial blood is immediately 
lowered. l 
The second thing is that a low cardiac output in the seriously 
septic or post-traumatic patient probably changes his peripheral 
metabolism from one of glucose utilization to one of fat utiliza- 
tion. Experimentally the oxygen appears to be consurned primarily 
by fat oxidation. Although glucose continues, to be taken up by 
muscle much more lactic acid is produced from it, and in tum, 
the tendency to acidosis becomes much worse, . 
So all things considered, it seems to me that the fellow who 
uses PEEP must follow the arterial and venous oxygen tensions as 
well as the degree of metabolic acidosis that are present in order 
to regulate the respiratory and circulatory support accordingly. 


Dr. SamureL R. Powers (Closing): First is the question of 
pneumothorax. There appéars to be an enormous variation in the 
incidence of this complication in the various institutions which 
routinely use positive end-expiratory pressure. 

It has been a relatvely rare occurrence in our unit and we 
believe this has to do with the form of the inflation pressure 
pulse rather than its magnitude. 

If the respirator delivers very short inspiratory phase then a 
high peak pressure will result, whereas one can deliver the same 
quantity of gas with a more prolonged inspiratory phase. End- 
expiratory pressure can be used without developing a high peak 
pressure. It is our impression that most of the new volume cycled 
respirators allow this change in pattern of ventilation. 

It is essential that pneumothorax be recognized immediately 
and for this reason we never permit a patient who is having 
positive end-expiratory pressure to be alone in the room. A nurse 
or a physician is there every 60 seconds of every 24 hours a day. 
If this is recognized and a chest tube is put in place, there is no 
reason to discontinue the same level of positive end-expiratory 
pressure. | 

I particularly appreciate Dr. Clowes’ comments. I am sure that 
most of you realize that-Dr. Clowes is the pioneer who presented 
the original report on the very high cardiac outputs in patients 
in the post-injury state. We agree that the.early use of the res- 
pirator is most important. Our house staff has become so expert 
and does these things so early that we now have difficulty getting 
patients to study. They are well managed when they are first seen. 

One other point. Our data suggest that oxygen delivery is the 
factor which determines oxygen consumption. The most important 
determinate of oxygen delivery is the hemoglobin level. It makes 
little sense to try and increase the Po: of a patient a few milli- 
meters with a potentially dangerous modality when oxygen de- 
livery can be increased by much greater amounts by the simple 
addition of a blood transfusion. 
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HE AMERICAN SURGICAL ASSOCIATION has continually 
T how me great kindness, courtesy and hospitality, 
but on two occasions it has bestowed upon me excep- 
tional privileges; the first was granted 20 years ago when 
I was given honorary membership, the second is this 
opportunity of giving an account of my stewardship. 

My account relates to the study of &98 patients with 
hiatal hernia and the observations are limited to a 20- 
year period to 1970, During this time, my associates and 
I have used an operative technic described in Surgery, 
Gynecology and Obstetrics in 1951.2 I shall refer to this 
procedure as the standard operation, meaning by that 
only that its use has been standard for us. 

Such adherence to a particular operative treatment 
may expose us to accusations of obstinacy, but at least 
we have collected some reliable information which 
would have been denied to us if we had pursued each 
new modification or change of treatment as it came along. 

The necessity of condensing this 20-year review into 
this brief report has not been easy and it ‘s only possible 
to present the dry ashes after the cremation. 

Of the 898 patients, 537 were females and 361 were 
males, giving a ratio of 3:2 in favor of females, Table 


If we accept that some sliding herniae have a paraeso- 
phageal pouch and many paraesophageal herniae have 
a sliding element, we can group them into predomi- 
nantly sliding and predominantly paraesophageal her- 
niae. There were 95 paraesophageal (77 female and 18 
male), and 801 sliding herniae (460 female to 341 
male). Paraesophageal hernia, therefore, is compara- 
tively uncommon and represents 10.6% of the total in 
this series. For paraesophageal hernia the ratio of fe- 
male to male is 4 to 1, whereas for sliding hernia the 
female to male ratio is 1.3 to 1. 

The relationship between symptoms and many fac- 


Presented at the Annual Meeting of the American Surgical As- 


sociation, Los Angeles, California, April 25-27, 1973. 


Hiatus Hernia: 


(A 20-year Retrospective Survey). 
P. R. ALLISON 


From the Department of Surgery, The Radcliffe 
Infirmary, Oxford, England 


tors was studied, but of these it is possible to mention 


only weight and emotional disturbances. In para- 
esophageal hernia there was no convincing relationship 
of symptoms to weight but in sliding hernia there was 
a positive relationship in 67.8% of males and 53.6% of 
females. The effect of emotional disturbances, anxiety, 
domestic and business tensions is notoriously difficult to 
assess because the patients themselves are not always 
aware of them, The simple results of direct questioning _ 
suggested that in paraesophageal hernia there was a ~ 
positive relation in 30% of both men and women, while | 
in sliding hernia the corresponding figures were 23% of 
males and 34% cf females. These low figures were a’ 
little unexpected. Impressions over the years would 
have put the figures more in the region of 75%, 

The commonest symptoms were pain, flatulence, 
regurgitation, and vomiting, dysphagia, overt bleeding 
and anemia. Others such as dyspnea and hiccup were 
less common. A dztailed analysis of all these symptoms 
must await a further publication, but it is worth stress- 
ing at this stage that more than half of the patients 
with paraesophageal hernia complained of regurgita- 
tion, and in those patients with sliding hernia who com- 
plained of dysphagia about an equal number had steno- 
sis as had only supezficial esophagitis. 

Other associated organic abnormalities were very com- 
mon, especially arterial disease and hypertension. Slid- 
ing herniae were accompanied by pyloric and duodenal 
pathologic changes (including diverticula) in 16%, by 
gastric disease (excluding gastritis) in 5.4% and by 
gallbladder disease in 22.6%. A lower esophagus lined 
by gastric mucosa wés present in 9.3% (Table 2). 

In patients with sliding hernia reflux from the stomach 
to the esophagus was demonstrated radiologically in 
68.3% but the hernia was diagnosed by esophagoscopy 
in 88.1%. 
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a TABLE 1. Sex Analysis of 898 Patients 
with Diaphragmatic Hiatal Hernia 
Males Females Total 

Paraoesophageal 18 77 95 
Sliding 341 460 801 
Not Stated 2 2 
Total 361 537 898 


A comprehensive classification of macroscopic eso- 
phagitis has been described elsewhere,” but for present 
purposes the degree of esophagitis has been classified 


_dnto six categories; the first three are superficial, category 


four is stenosis by edema, five and six are associated 


.. with fibrous stricture. The details of incidence are 


shown in Table 3, but very roughly about 25% had no 
esophagitis, 50% had superficial esophagitis and 25% 
showed narrowing of the lumen. 

Of the 898 patients all had some degree of medical 
treatment, 553 had surgical treatment and 345 relied 


entirely on medical treatment (Table 4), The opera- 


tions performed are shown in Table 5. 

Only the results of standard reduction with or without 
drainage gastrostomy are considered here. There were 
374 of these procedures, and for reasons that will become 
apparent they have been divided into those performed 
by the author (Group A 153) and those performed by 
associates (Group B 221). In Group A there were no 
deaths and in Group B there was one death from 
pulmonary embolus, giving an overall mortality rate 
of 0.3%. 

There was some form of immediate complication in 
31% of the patients. Respiratory infections, wound infec- 
tions, and deep vein thrombosis accounted for most of 


TABEE 2. The Association of Hiatal Hernia with other Organic 

a. a, Abnormalities 

Paraesophageal 
ae Hernia Sliding Hernia 
Spinal: Deformity 18% 12.7% 
Respiratory Disease 22% 17.4% 
Collagen Disease 0 2% 
Pyloric & Duodenal Disease 8.4% 16% 
' (Including Diverticula) 

Gastric Disease 

(excluding gastritis) 12.6% 5.4% 
Gall Bladder Disease 27.6% 22.6% 


Colon Disease—Not Significant Because of the Absence of Routine 


Radiological Studtes 
Paraesophageal 
Hernia Sliding Hernia 
Gastric-lined Esophagus 4.3% 9.3% 
Esophageal Diverticula 3.2% 2.8% 
Crico-pharyngeal Disorders 0 0.9% 
Others (cardio-vascular 
disease, etc.) 53.8% 52% 
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TABLE 3. Degree of Esophagitis in Sliding Hernia 


Males Females 

No Esophagitis 23.4% 21.5% 
Superficial Esophagitis 50.7% 55.8% 

(Grades 1, 2 & 3) 
GRADE 4 

(Stenosis by edema) 5.9% 7.0% 
Fibrous Stricture 

(Grades 5 & 6) 20% 15.7% 


the complications. Late complications included wound 
pain and incisional hernia, and ankle swelling when the 
legs were left dependent. These amounted to 21% of 
the total. 

Any discomfort in the chest or upper abdomen was 
included as wound pain. Such discomfort could persist 
from 6 to 10 months, was subject to climatic changes 
and only in occasional patients lasted 2 to 3 years. 

The immediate effects of operation were good and 
competent cardiac function was restored in 90.4% of 
those who had a radiological check before leaving 
hospital. 

Preoperative pain and discomfort was completely re- 
lieved in 82% of patients with sliding hernia, improved 
in 5%, unchanged in 8%, made worse in 0.4% and not 
recorded in 4.6%. Flatulence was completely relieved in 


71%, improved in 16%, unchanged in 12% and worse 


in 1%. 

Regurgitation was completely relieved in 81%, im- 
proved in 9%, unchanged in 9%, worse in 0.2% and un- 
recorded in 0.8%. 

Dysphagia was completely relieved in 70%, improved 
in 14%, unchanged in 11%, worse in 3% and unrecorded 
in 2% (Table 6), Those made worse were only tempora- 
rily so and this condition was caused by too tight repair 
of the hiatus. These results were elicited from the total 
number of patients with sliding hernia and were almost 
identical if subdivided into Groups A and B. 

Of the 553 patients treated surgically, 421 were alive 
at the time of the survey, 118 were dead and the condi- 
tion of 14 was unknown. When the patients were re- 
viewed radiologically, the presence of a stomachal 
pouch above the diaphragm, no matter how small, or the 
presence of reflux from stomach to esophagus, tested in 
exactly the same way as before operation, were taken to 
indicate recurrence. By these rigid standards, radiologi- 
cal recurrence was found in 33% of paraesophageal 
hernia and in 49% of sliding hernia. 


TABLE 4. Treatment of 898 Patients with Hiatal Hernia 


Medical Treatment only 
Including Esophagoscopy 


345 


Surgical Treatment 
553 


4 
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TABLE 5. Type of Operation Performed in 553 Patients 


1. Standard reduction 332 
2. Standard reduction + gastrostomy 42 
3. Standard reduction + vagotomy and drainage 21 
4, Standard reduction + cholecystectomy 14 
5. Standard reduction + cholecystectomy end gastrostomy 8 
6. Standard reduction + cholecystectomy end vagotomy 
and drainage Í 
7. “Modified” reduction 5 
13. Reduction + other complex operations, e.g. Heller’s, etc. 39 
14. Other operations, e.g. Leigh Collis 24 


15. Resection 67 


There are some important aspects of this high recur- 
rence rate: 1) it was the same in groups A and B, so 
that it is a reflection on the operation and the kind of 
patient rather than on the experience of the individual 
operator; 2) the recurrences increased steadily with the 
years after operation—thus in group A there were 27 re- 
currences in the first year, 28 between 1 and 5 years, 15 
between 5 and 10 years and 11 after 10 years. Very 
similar figures were found in group B. There is, there- 
fore, no suggestion that if cardiac function remains com- 
petent for 5 years the patient can be considered cured. 
This underlines the necessity for comparison with the 
results of other operations observed over a correspond- 
ingly long period of time. It was noted at the time of 
survey that many patients, immediately freed from 
symptoms, had grossly overeaten and become obese, de- 
spite strict warnings to the contrary. 

The third point to be made about the radiological 
recurrences is that by no means did all the patients 


DISCUSSION 


Dr. Lucrus D. Hua (Seattle): When Professor Allison dis- 
cussed our paper at the 1970 meeting, he p-efaced his remarks by 
saying that whatever he had to say was steeped in prejudice. 

Few men demonstrate the stature to be so forthright. Today, 
he has presented an objective assessment of his procedure without 
prejudice. I hope my remarks can be as objective as his. 

For an operation to be of value, it must attack the underlying 
spate TC with an acceptable degree of success and should be 
reproducible in other hands. 

The basic derangement that Professor Allison alluded to in 
hiatal hernia and gastroesophageal reflux is an inadequate lower 
esophageal sphincter pressure which allows reflux. This is in addi- 
tion to the herniated viscus. 

The sophisticated gastroenterologist, in this country at least, is 
asking the surgeon whether he can indeed correct the lower 
esophageal sphincter pressure and thereby ofset reflux. 

He is asking more of the surgeon than simply can he produce a 
nice postoperative rddiogram which the radiologist states shows 
no recurrent hernia. 

Until we can present hard data demonstrating that we are able 
to improve the lower esophageal sphincter pressure, faith in our 
operative manipulations among sophisticated gastroenterologists 


- will not improve. 


Undoubtedly we are not performing the Allison procedure as 
he depicted in this country. We are certainly not performing it as 
well as he does. 


HIATAL HERNIA 
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s 
TABLE 6. Immediate Effects of Operation for Symptoms of Hiatal 





Hernia 
Complete Improve- Un- Un- 
Relief ment changed Worse recorded 
Pain 82% 5% 8% 0.4% 4.6% 
Flatulence 71% 16% 12% 1% 0% 
Regurgitation 81% 9% 9% 0.2% 8% 
Dysphagia 70% 14% 11% 3% 2% 


have any recurrence of symptoms. Of the 374 operated 
upon, 43 patients were completely freed of all symptoms 
but were found to have radiological recurrence, and of. 
284 who had return of some symptom in some degree, 
86 showed that cardiac function was competent. These ... 
findings must be assessed with due regard to the exis- 
tence of other causes of flatulent dyspepsia, Of those 
who had return of symptoms, the great majority volun- 
teered that they were mild and not to be compared 
with their discomfort before operation, but this state- 
ment must be interpreted in the light of other factors 
such as the diminution of the severity of discomfort with 
advancing years, the anxiety of patients to please 
those who have looked after them, and the philosophy 
of those who “learn to live with their troubles”. 
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The most recent analysis of the effect of the procedure in terms 
of reflux is measured by pH and pressure determinations by 
Woodward and his group as you know, indicated a 54% persistént 
reflux and 39% anatomical recurrence in 127 patients, Other in- 
stitutions throughout the country reported a similar experience. 

An analysis of 80 patients having median artery repair, studied 
by pre- and postoperative pH and pressure studies at our-institu- 
tion, shows a mean increase of 6.97 mm. Hg in the postoperative 
sphincter pressure as opposed to the preoperative sphincter pres- 
sure. 

In three of these patients, the sphincter pressure was unim- 
proved. In these three patients the results were not as good as ` 
those in whom the LESP was improved indicating a high degree 
of correlation between improvement and symptoms and improve- 
ment in sphincter pressure. 

Median arcuate posterior repairs have now been followed for 
13 years. The question arises are these results reproducible? 

Other centers, as far away as Santiago, Chile, utilizing this 
procedure, have had a low recurrence and a high degree of 
correction of reflux. 

The most significant recent report is that of Thomas and Hall 
at the University of California Medical Center in San Francisco. 
These authors reporting before the Pacific Coast Surgical Asso- 
ciation on a series of 79 patients operated upon over a 6% year 
period with no anatomical recurrence and a correction of reflux 
as measured by pH and sphincter pressure studies in 93% ə 
of patients. 
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#t is noteworthy that these patients were treated at the V.A. 
hospital in San Francisco. Forty two of them were confirmed 
alcoholics and 15 patients were under psychiatric care for serious 
mental derangement. If one can produce these results in that 
' group of patients, the operation can indeed be said to have 
stood the acid test. I am certain that few centers in this country 
are performing the Allison technic as Professor Allison himself 
does it. I suspect if we could make the trip to Oxford and 
observe Professor Allison first-hand, that we too could come up 
with a high degree of reproducibility. 


Dr. Conrap Lam (Detroit): It has been a pleasure to hear 
Philip Allison tell us of the additional experience he has had 
over the past 20 years with his repair of hiatus hernia. It was 
just 20 years ago preceding the meeting of this Association in this 
city, that Dr. Leo Kenney and I presented a paper before the 
American Association for Thoracic Surgery entitled “The Prob- 
lem of the Hiatus Hernia of the Diaphragm”. We proposed that 
the problem would largely be solved by the routine use of a 
standard anatomic repair, the Allison repair. 

During the succeeding two decades and after an experience 
of more than 500 more operations, we have had no valid reason 
to change the technic, although some distinguished colleagues 
have proposed different operations. The previous discussant, Dr. 
Hill, has suggested that the defect be approached through an 
abdominal incision and that the stomach be sutured to the arcu- 
ate ligament. Others have advised us to wrap the stomach around 
the lower part of the esophagus to prevent reflux. One of these 
operations hen the name of one of Michigan’s fine motor cars— 
the Mark IV! 

I show one of the slides we used 20 years ago to illustrate the 
beauty of. the Allison operation, appropriately done in Holly- 
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wood Technicolor! The next four slides illustrate a problem 
we encountered a year ago. This film, made 7 years ago, shows 
a hiatus hernia in a 55-year-old woman living in a neighboring 
city. A thoracic surgeon was consulted, but he refused to do © 
an operation until she had lost some weight. This she could 
not or would not do, and she suffered for 6 more years. The 
second film was made a year ago, and it appears that we might 
be dealing with a shortened esophagus. This proved to be true. 
For awhile at the operation, it looked like it would be impossible 
to get the esophago-gastric junction down to the level of the 
diaphragm and my assistants suggested that fundoplication would 
have to be done. Of course, this would have meant that we 
would still have stomach up in the chest. But with mobilization 
of the esophagus i to the arch of the aorta, we were finally 
able to get the esophago-gastric junction down to the diaphragm. 

A month later, she was unable to swallow liquids and a film 
of the esophagus showed near complete obstruction at the lower 
end of the esophagus. At this point, I began to think about such 
things as resection of the strictured area, but a single dilatation 
with the Hurst dilator produced the excellent result shown in 
the final slide. 

This patient and her surgeon are grateful to Philip Anderson ' 
for this contribution to the surgery of hiatal hernia. 


Proresson Purr R, Auuison (Closing): I was particularly 
interested in the remarks Dr. Hill made about pH and pres- 
sure measurements. I am sure these are all important things 
for investigation of future cases. 

I would also like to say what a great relief to me and how 
pleasant it was to hear him say in his last sentence that if he 
came to Oxford he would be able to produce such a high degree 
of reproducibility instead of a high degree of recurrencel 


2 


The Weavenit vascular prosthe sis. 
An ideal porosity for 
better healing. 


enough to facilitate 
fast tissue ingrowth. 
It’s easier to form a 
firmly adhering 
neo-intima. 

Weavenit is a 
thin-walled graft, so 
there’s minimal tissue 
buildup. That’s 
important where 
a small diameter 
prosthesis is required. 
It assures long-term 
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| patency. 

j It’s pliable and is 

The Weavenit graft has a easy to handle. It conforms to 
special warp knit structure — the anastomotic lines. What’s 
with more interstices —to more, Weavenit can be cut 
promote fast healing. These at any angle without ravelling 
interstices are both small or fraying. 
enough to allow sufficient Available in straight tubes, 
preclotting and porous bifurcations and patches. 
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Meadox Medicals 


Box 530. 6 Raritan Road, Oakland, New Jersey 07436 


Better by Design. 
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‘After major surgery, the patient may burn up 
3000 Calories a day. Clear liquid diets given after 
such surgery supply a few hundred Calories... 
-and very little else. To make up the energy deficit, 
patients soon start to consume their own body 
‘protein. 

With Vivonex HN you can give the patient 
3000 Calories, 20 grams of usable nitrogen (eq ual 
to 125 grams of usable protein), and a balanced 
diet of elemental nutrients each day. (Evidence 
of minimal G.I. function must exist.) 

Vivonex HN raises total protein levels... 
helps restore positive nitrogen balance...helps 
prevent the rapid protein wastage that may re- 
tard post operative healing and recovery. 

Vivonex HN is an alternative to the risks of 
intravenous hyperalimentation because It con- 
sists solely of basic nutrients requiring little or 
no digestion: pure amino acids, simple sugars, 
essential fat, vitamins and minerals. Absorption 
takes place rapidly and completely in the upper 
intestine. There is no indigestible matter. 

ideal for tube feeding, Vivonex HN is easily 
fed through small-gauge tubes. It may also be 
served as a drink (Vivonex HN is unflavored). 


ake the patient eat himself alive. 
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Supplied in boxes containing ten 80-gram packets of unflavored water-soluble 
eins providing 3000 Calories, 20 grams of usable nitrogen and a full days 
salanced nutrition, including the Recommended Daily Allowances of vitamins 
and minerals 
Precautions: For use only under a physician s supervision Do not administer 
parenterally. Because of the high caloric contribution from carbohydrates some 
depleted individuals may manifest elevated blood sugar levels requiring insulin 
for regulation. The diet should not be used by diabetics without their physi- 
cian’s approval. The electrolyte content of the diet is based on requirements of 
normal individuals and may be excessive for patients with electrolyte imbalance 
Use during pregnancy or lactation may require supplemental vitamins and 
minerals. Use for children under ten years may require adjusting the amount 
consumed daily to meet the Recommended Dietary Allowance for the age group 
1 Vivonex HN High Nitrogen Diet is recommended for up to two months 
of continuous use. Store in a cool dry place 
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Are you taking advantage of these nutritional information services? 
W Eaton Nutrition Teaching Films 

@ The Eaton Nutrition Speakers Bureau 

@ Eaton In-Service Programs -Nutrition 

© Intoke: Perspectives in Clinical Nutrition monographs) 
Detailed information about any of these programs Is available from your 
local Eaton Representative or direct from Eaton Laboratories 










For ‘round-the-clock medical consultation on Eaton products, ‘phone Norwich, 


New York, Area Code 607-335-2111 © Morton-Norwich Products, Inc. 1972 
You can help close this nutrition gap with 


® Originators of chemically defined diets 
Eaton Laboratories 
division of Morton-Norwich Products, Inc 
Norwich, New York 13815 
j 
™ i 
soluble powder tie only chemically defined elemental high nitrogen diet 
The only oral hyperalimentation 
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Pulmonary Embolism is a major problem in 
active patients suddenly confined to bed. 
T.E.D. Stockings help prevent thrombosis 
and subsequent pulmonary embolism by 
providing encircling graduated compres- 
sion. The construction and features in both 
the cotton and nylon styles, below knee and 
thigh length, are superior to any other anti- 
embolism stocking available. Let your 
Kendall salesman show you the differences 
and how you can immediately fit most 
patients with one of the available sizes. 
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He has reprints of articles on pulmonary 
embolism and an In-Service Program that 
shows the how and why of T.E.D. or write 
The Kendall Company, Hospital Products 
Division, 309 West Jackson Blvd., Chicago, 
IL 60606 for further information. 


Contraindications: In patients with open ulcers, severe 
arteriosclerosis and other ischemic vascular diseases, and 
massive leg edema with imminent pulmonary edema from 
congestive heart disease. Any signs of irritation or red- 
ness of the skin should be carefully noted. 

Caution: Federal law restricts this device to sale by or 
use on the order of a physician. 
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Decubitus Ulcers iii Debridement 


Curity®wet dressings provide sterile, 
moist heat therapy for many medical con- 
ditions. Each dressing is pre-moistened 
and sterile in an individual foil package 
designed for aseptic opening and 
application. And Curity gives you a 
choice of water or normal saline solution. 

The cumbersome procedure for 





-= CURITY | 


wet dresing indicated 







Easy Aseptic Application 


preparing sterile wet dressings Is 
eliminated. The Curity system saves 
time, facilitates sterile technique and 
provides hot moist dressings from the 
heat lamp in just 5 minutes. Ask your 
Kendall representative for a demonstra- 
tion or write The Kendall Company, 309 
West Jackson Blvd., Chicago, IL 60606. 
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@Broad-spectrum microbicidal action promptly @Virtually nonirritating ...nonstaining to skin yoan 
kills both gram-positive and gram-negative bac- and natural fabrics. oe 
teria (including antibiotic-resistant strains), ®@Convenient, single-use aids to surgical io ee eget 
fungi, viruses, protozoa and yeasts. antiSepsis. 4} Nl 
"i so. ow 
“In rare instance of local irritation or sensitivity, Purdue Frederick 
discontinue use in the individual © COPYRIGHT 1973. THE PURDUE FREDERICK COMPANY/NORWALK. CONN. 06856 A7257 135073 





BETADINE SURGI-PREP Sponge-Brush 


The only sponge-brush or sponge with the same microbicide as in 
| BETADINE Surgical Scrub. For preoperative scrubbing by the surgical 
team; general hand and skin degerming.* 


BRET Pans ecm wr youre ee eH EE 
disposable | 


1 SPONGE-BRUSH 


- BETADINE” 
SURGI-PREP’ 
SPONge-brush | 


Povidone-iodine 








@ BETADINE Surgical Scrub Packette 1⁄2 oz. BETADINE Solution Packette 1 oz. 
For preoperative scrubbing by the surgical team: To enhance antisepsis by painting the operative 
for prepping of patient's skin for surgery; for general site preoperatively and postoperatively. Maintains 
hand and skin degerming.* ee action in the presence of blood, pus 

and serum. 
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when you can 
retire an idea whose 
time has passed... 








you're ready for an idea 


it’s time for 

Viaflex 

the norrairdeoendent 
shatteroroof IV > 

solution container 





VIAFLEX: the hospital software from TRAVENOL LABORATORIES, INC. 


Deerfield, Illinois 60015 i 
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Harder and sharper than any chisel, osteotome or gouge 
you've ever used, a “Spartan Edge,” made of new cobalt 
chrome stainless steel. 


We are so confident that we'll re-sharpen the edge free 
of charge for 3 years if it becomes dulled in normal use. 


SPARTA INSTRUMENT CORPORATION 


305 FAIRFIELD AVENUE / FAIRFIELD, N.J. O07006 / (200 575-1344 





; An important advance 
-in cancer chemotherapy 
from Bristol Laboratories 


~ new blenoxane 


(sterile bleomycin sulfate) 


— Aneffective palhative — 


agentand adjuvant to 


< radiotherapy and surgery, 


in selected tumors. 


Please see last page for complete prescribing information. 
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new Blenoxane™ 


(sterile bleomycin sulfate) l 


` 


A selective, antineoplastic antibiotic 


| 





Blenoxane (sterile bleomycin sulfate) is an antineoplastic formulation of bleomycin, the ee 
basic glycopeptide antibiotic isolated from a strain of Streptomyces verticillus in 1962. Although 
the exact mechanism of the agent’s antitumor effect is not completely understood, it is associated 
with an inhibition of DNA synthesis, with some evidence of lesser inhibition of RNA and | 
protein synthesis. Most of the clinical experience with Blenoxane reported to date has involved 
patients in advanced stages of cancer who had failed to respond adequately to other drugs or 
modes of therapy. Even in these cases, however, Blenoxane has often produced good results. 


in selected 
squamous cell 


-< Carcmomas 
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in selected 
‘lymphomas 


in selected 
testicular 
carcinomas 


Site Patients 
Evaluable 
Head and neek ; L181 
Larynx and paralarynx 52 
Cervix 69 
Vulva 18 
Vagina 4 
Penis 10 
Skin 29 


Type Patients 
Evaluable 
Hodgkin’s disease 116 
Reticulum cell sarcoma 29 
Lymphosareoma 28 
Mycosis fungoides 9 


Patients 
Evaluable 


Type 


Embryonal cell 
carcinoma of the 
testes; treated with: 
bleomycin 29 
bleomycin ‘plus vinblastine 13 
Choriocarcinoma of the 
testes; treated with: 
bleomycin 7 
bleomycin plus vinblastine 4 
Teratocarcinoma of the 
testes; treated with: 
bleomycin 12 
bleomycin plus vinblastine 5 
Seminoma; treated with: 
bleomycin 1 
bleomycin plus vinblastine 1 


Number of 





Responses 





Number of 
Responses 


Number of 
Responses 





13 
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@@ Lhis antibiotic has the 
highest rate of activity in | 
squamous carcinoma that has 

so far been found for any drug, 
and thus offers hope of new 
clinical studies that can provide | 
a basis for better therapy. 99 1 


@@ Perhaps more striking is 

the very high incidence of X 
prompt responses seen in 
advanced Stage IV Hodgkin’s 
disease.®9® 2 


@@ In some tumors it appears 
to be as good as or eyen more 
efficacious than [previously 
available] chemotherapy.®® 3 


... With no depressant effect on 
hematopoietic or immunosuppressive 
mechanisms to date 


é% The absence of toxic effects on the 
hematopoietic system and of any immuno- 
suppressive action is emphasized, as this 
gives the drug a special importance. 99 3 


In the past two years, over 100 clinicians 
have investigated the therapeutic effects of 
Blenoxane (sterile bleomycin sulfate). Over 


1,300 patients have been treated in the major 


cancer care units in the United States. 

These studies have shown repeatedly that 
Blenoxane may be active against certain 
tumors generally insensitive to other 
available agents; that it may enhance the 
results achieved with certain other 
chemotherapeutic agents; and thatit may 
be an effective adjunct to indicated surgical 
procedures and radiotherapy. 

They have also demonstrated the 
complete absence of immunosuppressive 
or adverse hematopoietic effects to date. 
Thus, Blenoxane may be potentially useful 
in combination with other agents, or in 


patients already exhibiting pancytopenia. 


1. Ohnuma, T., as reported in: J.A.M.A.216:415 
(Apr. 19) 1971. 
. Krakoff, LH.: The present status of cancer chemo- 
therapy, M. Clin. North Am. 43:683 (May) 1971. 
3, Clinical Screening Cooperative Group of the European 
Organization for Research on the Treatment of Cancer. 
Brit. M.J. 2:643 (June 13) 1970. 
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However, these same studies elearly 
indicate that Blenoxane is far from an 
innocuous agent. Pulmonary toxicity, 
occurring as pneumonitis in about ten 
per cent of patients, has led to pul- 
monary fibrosis and death even when 
detected in the early stages. 

In addition, approximately half of the 
patients will exhibit some dermatolog- 
ical manifestations of therapy with 
Blenoxane. The skin reactions are 
usually characterized by erythema or 
hyperkeratosis—most often on the 
hands and elbows—and potentially 
progressive to ulceration. 

Consequently, the physician will 
recognize that the clinical use of an 
agent such as Blenoxane presupposes 
a thorough knowledge of its potential 
applications, pharmacology, toxicity 
and clinical record—subjects which 
cannot be adequately reviewed ina 
communication of this type. 

We urge those physicians who antici- 
pate a use for Blenoxane to consult the 
Bristol Laboratories Introductory 
Monograph for information currently 
available on therapy with Blenoxane. 





Please see last page for complete prescribing information. 
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BLENOXANE™ (sterile bleomycin sulfate) 


3010DTRO-03 May 1973 


WARNING, It is recommended that Blenoxane be administered 
under the supervision of a qualified physician experienced in the 
use of cancer chemotherapeutic agents, Since facilities for nec- 
essary laboratory studies must be available, hospitalization of 
patients is recommended. 

Pulmonary fibrosis-is the most serious toxicity with Blenoxane. 
(See “Adverse Reactions” section.) 

In the treatment of each patient, the physician must weigh 
‘arefully the possibility of achieving therapeutic benefit with 
the risk of toxicity. 

In 1% of patients, a hypersensitivity reaction, similar to ana- 
phylaxis clinically, occurred, particularly in lymphoma patients. 
This has resulted in death. 

The reaction which may be immediate or after several hours 
delay, oecurs only after the first or second dose. It consists of 
hypotension, fever, chills, mental confusion, and wheezing. 

Usage in Pregnancy- Safe use of Blenoxane in pregnant 
women has not been established. Therefore the benefits to the 
patient should be weighed against the potential toxicity to fetus 
or embryo, 





DESCRIPTION, Blenoxane (sterile bleomycin sulfate) is composed 
of basic cytotoxic glycopeptide antibiotics isolated from a strain of 
Streptomyces verticillus. [tis highly soluble in water. 

ACTION. Although the exact mechanism of action of Blenoxane is 
unknown, available evidence would seem to indicate that the main 
mode of action is the inhibition of DNA synthesis with some evidence 
of lesser inhibition of RNA and protein synthesis. 

In mice, high concentrations of Blenoxane are found in the skin, 
lungs, kidneys, peritoneum and lymphatics. Tumor cells of the skin 
and lungs have shown a strong affinity for Blenoxane in contrast to 
the lack of affinity of hematopoietic tissue. This selective affinity of 
the drug for different sites and cell types creates a better under- 
standing of the therapeutic benefits and the toxicity of Blenoxane. 

20 to 40% of an administered dose in humans is recovered in the 
urine as aetive bleomycin. 

INDICATIONS. Bienoxane should be considered a palliative treat- 
ment and/or adjuvant to surgery and radiation therapy. It has been 
shown to be useful in the management of the following neoplasms: 

Squamous Cell Carcinoma —head and neck including mouth, 
tongue, tonsil, nasopharynx, oropharynx, sinus, palate, lip, buecal 
mucosa, gingiva and epiglottis; skin; larynx and paralarynx; penis; 
cervix; vulva, The response to Blenoxane is poorer in patients with 
head and neck cancer which has been irradiated previous to Blenoxane 
therapy. 

Lymphomas— Hodgkins, reticulum eeh sarcoma, lymphosarcoma, 
It is of special note that most of the Hodgkins patients treated to 


date had disseminated disease (Stage IV) no longer treatable by 


bone marrow depressant agents. 

Testicular Carcinoma—embryonal cell, chorioearcinoma, and 
teratocarcinoma. Studies to date have revealed that the use of vin- 
tNastine sulfate with Blenoxane increases the response rate of testie- 
ular tumors, 

Other — Blenoxane has been shown to produce responses in some 
renal carcinomas, soft tissue sarcomas, and in the prevention of 
pleural fluid accumulation when administered intrapleurally. 
CONTRAINDICATIONS. Blenoxane is contraindicated in patients 
who have demonstrated a hypersensitivity to it in the past. 

The physician must weigh carefully the therapeutic benefit versus 


> risk of toxicity whieh may occur, 


PRECAUTIONS. Blenoxane should be administered preferably to 


patients who are hospitalized and who can be observed carefully and 
frequently during and after therapy. It should be used with extreme 
caution in patients with significant impairment of renal function or 
compromised pulmonary function due to disease other than malig- 
naney. 

To monitor the onset of pulmonary toxicity, roentgenograms of the 

chest should be taken every 1 to 2 weeks. If pulmonary changes are 
noted, treatment should be discontinued until it ean be determined 
whether the cause is drug related. Pneumonitis due to Blenoxane 
should be treated with corticosteroids in an effort to prevent progres- 
sion to pulmonary fibrosis. Infectious pneumonitis should receive 
appropriate antibiotic therapy. 
ADVERSE REACTIONS. Skin-—Skin changes were the most fre- 
quent side effect occurring in approximately 52.3% of treated pa- 
tients. These consisted of mouth ulcers, alopecia, hyperpigmentation, 
thickening, ulceration, redness, hyperkeratosis, nail changes, rash, 
vesiculation, tenderness, pruritus, hyperesthesia, peeling, stria, and 
bleeding. In only 0.2% of treated patients was it necessary to discon- 
tinue Blenoxane therapy beeause of skin toxicity. 


Skin toxicity was a relatively late manifestation developing ugu- 
ally in the 2nd and 3rd week of treatment after 150 to 200 units of 
Bienoxane (sterile bleomycin sulfate) had been administered and, 
in general, was related to total cumulative dose. 

Pulmonary—This is potentially the most serious side effect, occur- 
ring in approximately 10% of treated patients. The most frequent 
manifestation is pneumonitis occasionally progressing to pulmonary 
fibrosis which may result in death. Approximately 1% of patients 
treated died of pulmonary fibrosis. An analysis of the data revealed 
that pulmonary toxicity is usually both dose and age related, being 
more common in patients over 70 years of age receiving over 400 
units total dose. However, this toxicity is unpredictable and has been 
seen occasionally in young patients receiving low doses. 

The identification of patients with pulmonary toxicity due to 
Blenoxane has been extremely difficult. The reason for this is the 
lack of specificity of the elinical syndrome, the x-ray changes and 
even the tissue changes seen on examination of biopsy and autopsy 
specimens. 

Blenoxane-induced pneumonitis apparently produces dyspnea and 
fine rales that are in no way different from those produced by infee- 
tious pneumonias, or the signs and symptoms produced by primary 
or metastatic lung disease in some patients, 

On x-ray, Blenoxane-indueced pneumonitis produces patchy opaci- 
ties, usually of the lower lung fields, that look the same as infectious 
bronchopneumonia or even lung metastases in some patients, 

The microscopic tissue changes due to Blenoxane toxicity are 
frequently present as bronchiolar squamous metaplasia, reactive 
macrophages, atypical alveolar epithelial cells, fibrinons edema, and 
interstitial fibrosis. The acute stage may involve capillary changes 
and subsecuent fibrinous exudation into alveoli producing a change 
similar to hyaline membrane formation and progressing to a diffuse 
interstitial fibrosis resembling the Hamman-Rich syndrome. 

These microscopic findings are non-specific and are similar to the 
changes produced in radiation pneumonitis, pneumocystic pneumo- 
nitis, and at times reaction to long-standing malignant pulmonary 
disease. 

Serial pulmonary funetion tests in 156 patients receiving Blen- 
oxane therapy revealed some demonstrable alteration in approxi- 
mately 206%. The most common changes were a deerease in total jung 
volume and a decrease in vital capacity. However, no predictive cor- 
relation between these changes and the development of pulmonary 
fibrosis could be ascertained. 

Other—Fever, chills, nausea, and vomiting were also frequent side 
effects, Pain at tumor site, phlebitis, and other local reactions were 
reported infrequently. 

Toxicity to the renal, hepatic, and CNS may oeeur at any time 
after initiztien of therapy and, as with any potent drug, these sys- 
tems should be monitored. 

Tt is noteworthy that there has been no evidence of bone marrow 
or immunological depression to date. This is contrary to the currently 
available antineoplastic drugs. 

Anorexia and weight loss are common and may persist long after 
termination of this medication. Since these signs and symptoms oceur 
with malignancy, it may be dificult to evaluate the role of Blenoxane. 
DOSAGE. The following dose schedule is recommended: Squamous 
cell carcinoma, lymphosarcoma, reticulum cell sarcoma, testic- 
ular carcinema—(.25 to 0,50 units/ Kg. (10 to 20 units/M*) given 
intravenously or intramuscularly weekly or twice weekly. 

Hodgkins Disease—0.25 to 0.50 units/Kg. (10 to 20 units/M?) 
intravenously or intramuscularly weekly or twice weekly, After a 
50% response, the maintenance dose of I unit daily or 5 units weekly 
intravenously or intramuscularly should be given, 

Because of the possibility of anaphylaxis, all lymphoma pa- 
tients should be started with 5 units or less for the first 2 doses. 
If no acute reaction occurs, then the regular dosage schedule 
may be followed. 

Toxicity of Blenoxane appears to be dose-related with a 
striking increase when the total dose is over 400 units. Total 


doses over 400 units should be given with great caution. 


Hodgkins and testicular improvement are prompt and noted within 
two weeks. If no improvement is seen by this time, chances of im- 
provement are very low. Squamous cell cancers respond more slowly, 
sometimes requiring as long as three weeks before improvement. is 
noted. 

ADMINISTRATION, Blenoxane may be given by the intramuscular, 
intravenous, intra-arterial, or subeutancous routes. 

Intramuscular or Subcutaneous— Dissolve the contents of a 
Blenoxane ampule in 1 to 5 ml. of Sterile Water for Injection, U.S.P., 
Sodium Chloride for Injection, U.S.P., or 5% Dextrose in Water. 

Intravenous or Intra-arterial—Dissolve the contents of the am- 
pule in 5 ml. or more of a solution suitable for injection, eg., phy- 
siologice saline or glucose, and administer slowly over a period of ten 
minutes. 

SUPPLY. Each ampule contains 15 units of Blenoxane as sterile 
bleomycin sulfate. NDC-0015-3010. 


BRISTOL LABORATORIES UU. | Division of Bristol-Myers Company/ Syracuse, New York 13201 





pulmonary 
Infarction 
oroneumonia*’? 


Nany Case... 
when nutritional 
supplementation 
is indicateaq 





tablets 


With balanced, high potency B-complex 


and C vitamins. ..No odor... 


Virtually no aftertaste... Lowest priced 


Rx formula. 


Please see complete product information, 
a summary of which follows: 


Each Berocca Tablet contains: 


Thiamine mononitrate (Vitamin B;)......... 15 mg 
Riboflavin (Vitamin Bals e eed nea aa 15mg 
Pyridoxine HCI (Vitamin Be)............... 5mg 
PAOMAN G is calnds Gack Rl bi as Ga 100 mg 
Calcium pantothenate................... 20mg 
Cyanocobalamin (Vitamin Bi2)............. Smeg 
POUNCACIO sc: c2cn05.e¢reeieks 244450424+83 OMG 
ASCOrbic acid (VAAN G] srna ne 500 mg 


Berocca is therapy 








Indications: Nutritional supplementation in condi- 
tions in which water-soluble vitamins are required 
prophylactically or therapeutically. 


Warning: Not intended for treatment of pernicious 
anemia or other primary or secondary anemias. 
Neurologic involvement may develop or progress, 
despite temporary remission of anemia, in patients 
with pernicious anemia who receive more than 0.1 
mg of folic acid per day and who are inadequately 
treated with vitamin B42. 


Dosage: 1 or 2 tablets daily, as indicated by 
clinical need. 


Available: In bottles of 100 and 500. 


ROCHE LABORATORIES 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 
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\ touch...andgo-~ - 








When a Dulcolax suppository 
puts its gentle touch on the 
colon, normal peristalsis 
begins throughout the large 
intestine, with evacuation 
often in as few as 15 minutes. 
Dulcolax lets you or your 
patient dictate the time and 
the place. And almost anyone 
can take Dulcolax — its only 
contraindication is acute 
Surgical abdomen. 


Dulcolax 


bisacodyl NF 


Suppositories...to replace 
the enema 


Boehringer 
Ingelheim 


AN 
alll 
BOEHRINGER 
INGELHEIM 


Boehringer Ingelheim Ltd. 
Elmsford, N.Y. 10523 








. Progress 
Surgery 


Editorial Board: 
M. Allgower (Basel); S.-E. Bergentz (Malmo) 
R.Y. Calne (Cambridge); U.F. Gruber (Basel) 





This series of annual volumes assists general and 
specialized surgeons in staying informed on ‘what's new 
in surgery’ by providing original reviews from 
outstanding experts in their respective fields as well as 
frequent discussions of controversial themes by 
authorities expressing differing viewpoints. 

The editorial board, in preparing the annual volume, 
selects several papers on subjects of general interest 
where important discoveries have recently been 
reported or new insight into diagnosis or therapy have 
brought about direct and immediate consequences 

for the surgeon's daily work. In sum, basic knowledge 
in addition to technical know-how at the post- 
graduate level is transmitted through the richly-illustra- 
ted volumes of ‘Progress in Surgery’. 


Selected Contributions Already Published in the Series 
Crohn's Disease, with Special Reference to Surgical 
Management 

Goligher, J.C., De Dombal, F.T. and Burton, l, 

New Aspects of the Pathogenesis of Thrombo-Embo- 
lism 

Nilsson, i.M. and Isacson, S. 

Atelectasis in the Surgical Patient. Recent Conceptual 
Advances 

Laver, M.8. and Bendixen, H.H. 

Strictures of Bile Ducts 

Smith, R. 

Pathophysiological Aspects on Surgical Treatment of 
Thyroid Disease 

Heimann, P. 


For further information please request a detailed 
prospectus 


S. Karger AG 
Arnoid-Boécklin-Strasse 25 
CH—4011 Basel (Switzerland) 


a S.Karger Basel London 
a München NewYork 
Paris Sydney 








ointment 


colagenase 


indications: Santyi Ointment is indicated for debrid- 
ing dermal ulcers and severely burned areas. In other 
types of necrotic skin lesions reports on the use of 
Santy! Ointment have been limited to clinical observa- 
tions without controis. 


Contraindications: Application is contraindicated in 
patients who have shown local or systemic hypersen- 
sitivity to Collagenase. 


Precautions: The enzyme’s optimal pH range is 7 to 
3. Lower pH conditions have a definite adverse effect 
on the enzyme’s activity, and appropriate precautions 
should be taken. 


The enzymatic activity is also adversely affected by 
detergents and hexachlorophene and heavy metai ions 
such as mercury and silver which are used in some 
antiseptics. When it is suspected such materiais have 
been used, the site should be carefully cleansed by 
repeated washings with normal saline before Santyi 
Ointment is applied. Soaks containing metal ions or 
acidic solutions such as Burow’s solution should be 
avoided because of the metal ion and low pH. Cleans- 
ing materials such as hydrogen peroxide or Dakin’s 
solution do not interfere with the activity of the enzyme. 


Debilitated patients should be closely monitored for 
systemic bacterial infections because of the theoreti- 
cal possibility that debriding enzymes may increase 
the risk of bacteremia. 


The ointment should be confined to the area of the 
fesion in order to avoid the risk of irritation or macer- 
ation of normal skin. 


A slight erythema has been noted occasionally in the 
surrounding tissue particularly when the enzyme oint- 
ment was not confined to the lesion. This can be read- 
iy controlled by protecting the healthy skin with a 
material such as Lassar’s paste. 


Since the enzyme is a protein, sensitization may de- 
velop with prolonged use although none has been 
observed to date. 


Adverse Reactions: Adverse reactions to Collagenase 
have not been noted when used as directed. 


Dosage & Administration: Santy! Ointment should be 
applied once daily (or once every other day in the 
case of outpatients) in the following manner. 


(1) Prior to application the lesions should be gently 
cleansed with a gauze pad saturated in normal saline, 
buffer (pH 7.0-7.5) or hydrogen peroxide to remove 
any film and digested materiai. 


(2) Whenever infection is present, as evidenced by 
positive cultures, pus, inflammation or odor, it is de- 
sirable to use an appropriate topical antibacterial agent. 
Neomycin-Bacitracin-Polymyxin B (Neosporin) has 
been found compatible with Santyl Ointment. This 
antibiotic should be applied to the lesion in powder 
form or solution prior to the application of Santyi 
Ointment. Shouid the infection not respond, therapy 
with Santy! Ointment should be discontinued until 
ramission of the infection. 


(3) Santy! Ointment should be applied (using a wooden 
tongue depressor or spatula) directly to deep wounds, 
or, when dealing with shallow wounds, to a sterile 
gauze pad which is then applied to wound. The wound 
is covered with sterile gauze pad and secured with 
clear tape or Kiing bandage. 


(4) Crosshatching thick eschar with a #11 blade is 
helpful. it is also desirable to remove as much loos- 
ened detritus as can be done readily with forceps and 
scissors. 


(5) All excess ointment should be removed each time 
dressing is changed. 


(6) Use of the ointment should be terminated when 
sufficient debridement of necrotic tissue has taken 
place. 


Overdose: Action of the enzyme may be stopped, 
should this be desired, by the application of Burow's 
solution U.S.P. (pH 3.6-4.4) to the lesion. 


How Supplied: Santy! Ointment contains 250 units of 
Collagenase enzyme per gram of white petrolatum 
u,S.P. The potency assay of Collagenase is based on 
the digestion of undenatured collagen (from bovine 
Achilles tendon) at pH 7.2 and 37° C. for 24 hours. 
The number of peptides cleaved are measured by 
reaction with ninhydrin. Peptides released by a tryp- 
sin digestion control are subtracted. One net Collage- 
nase unit will solubilize ninhydrin reactive material 
equivalent to 4 micromoles of Leucine. 


® Knoll Pharmaceutical Co. 
30 North Jefferson Road 
Whippany, New Jersey 07981 
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"It may prove to be the drug 
of choice for wound 
debridement.” 


Varma A O et al: Surg. Gynec. Obstet. 136:281, 
Feb. 1973. 
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To permit healing like this...you want to start like this. 
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Santyl°(collagenase) for dermal i 





ulcers and burns: = 
the first topical enzyme 3 Artist's conception of decubitus ulcer 
> to attack | treat patients with dermal ulcers and burns, and I would like | 


to receive: 
O clinical reprints and scientific information on Santyl. 
C a free in-service training program on the use of Santyl. 


native collagen, a substance that is 
ordinarily resistant to all common 
topical enzymes used in wound de- 
bridement 
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> to effectively remove 


the debris that hinders healing...with 
simple, once-a-day application 
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‘due to susceptible organisms 











Before Administration of Loridine 


1. Determine renal status before 
initiating therapy. 

2. In patients with renal impair- 
ment, reduced dosage should be em- 
ployed. Other antibiotic therapy 
should be considered if impairment is 
due to acute tubular necrosis. 


3. As with other antibiotics, appro- 
priate specimens for culture and sus- 
ceptibility testing should be obtained. 


4, Use cautiously with other poten- 
tially nephrotoxic antibiotics (e.g., 
gentamicin, kanamycin, colistin, and 
polymyxin B), in penicillin-allergic pa- 
tients, and in those receiving potent 


(cephaloridine) 


Loridme IM. 500-mg. ampoule 


therapy worthy of consideration 


Traumatic wound infections often require the 
rapid and effective action that Loridine I.M. can provide 
when they are due to susceptible organisms. 

Loridine is active in vitro against many pathogens that 
may cause skin and soft-tissue infections, including sus- 
ceptible strains of staphylococci, Escherichia coli, and 
streptococci, and is also effective in the presence of mixed 
infections. 

Peak blood levels of 7 to 14 mcg. per ml. respectively 
were obtained in one-half to one hour following intramus- 
cular administration of 250 and 500 mg. to humans. Meas- 
urable levels of Loridine persisted for longer than twelve 
hours. 

These are a few of many reasons why Loridine provides 


therapy worthy of consideration. 


tMany strains of enterococci are relatively resistant. Some strains of staphy- 


lococci are resistant. Pseudomonas organisms are resistant, as are most indole- 
producing Proteus species and motile Enterobacter species. 


diuretics, such as furosemide oretha- 
crynic acid. 


During Administration of Loridine 


1. Because of potential nephrotox- 
icity, daily dosages above 4 Gm. are 
not recommended for patients with 
normal renal function. The usual 
range for adults is 1.5 to 3 Gm. daily. 
In patients with renal impairment, 
recommendations in the package lit- 
erature should be followed for main- 
tenance dosage after a loading dose 
of 500 mg. to 1 Gm. If an endogenous 
Creatinine clearance is considered 
more desirable than available BUN or 
serum creatinine concentrations for 
establishing the maintenance dosage, 


i 
300491 


the inifial loading dose may be given 
and results of that test obtained dur- 
ing the ensuing six or eight hours. If 
renal function improves during ther- 
apy, readjustment of dosage may be 
desirable. 


2. Maintain proper hydration. 


3. Monitor renal status. Renal im- 
pairment may be indicated by the ap- 
pearance of urinary casts, proteinuria, 
oliguria, a rising BUN or serum creat- 
inine, or a decreasing creatinine 
clearance or urine/plasma creatinine 
ratio. 

4. lf impaired renal function devel- 
ops or worsens during therapy, dis- 
continue use. 


Please turn page far prescribing information. 
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Loridine I.M. (cephaloridine) 


Because of nephrotoxicity (e.g., tubular necrosis) of cephaloridine in 
doSages above 4 Gm. daily (see Warnings and Adverse Reactions), rec- 
ommended doses should not be exceeded. Renal status of the patient 
should be determined prior to initiation of therapy. Patients with known 
or suspected impairment of renal function should be under close clinical 
observation for changes in renal function or be hospitalized, and re- 
duced dosage should be employed. If impaired renal function develops 
during therapy, cephaloridine should be discontinued. 


Actions: Human Pharmacology—Peak blood levels of 7 and 14 mcg. 
per mi. respectively were obtained in one-half to one hour following 
intramuscular doses of 250 and 500 mg. in humans. Measurable 
levels of cephalcridine persisted for longer than twelve hours, 

Loridine is excreted unchanged largely by glomerular filtration. 
Doses of 250 and 500 mg. produced very high antibacterial concen- 
trations in the urine, in some instances approaching 1,000 mcg. 
per mi. 

Its nucleus and degradation products differ from those of peni- 
cillin. However, some patients who are allergic to penicillin or to 
other cephalosporins may also be allergic to Loridine. 

Microbiology—The in-vitro bactericidal action of Loridine results 
from inhibition of cell-wall synthesis. It is not bound significantly to 
plasma protein. 

Loridine is active against the following organisms in vitro: 

Beta-hemolytic and other streptococci (many strains of entero- 
cocci, e.g., Streptococcus faecalis, are relatively resistant) 

Staphylococci, both coagulase-positive and coagulase-negative 
(some strains of staphylococci are resistant to cephaloridine) 

Pneumococci 

Gonococci 

Hemophilus influenzae 

Escherichia coli and other coliform bacteria 

Klebsiella 

Proteus mirabilis 

Loridine is active against Treponema pallidum in animal studies. 

All tested strains of group A streptococci, pneumococci, and peni- 
cillin-G-susceptible staphylococci are susceptible to Loridine. However, 
some strains of penicillinase-producing staphylococci are resistant in 
vitro to concentrations of Loridine that can be achieved in the serum. 
The majority of strains of H. influenzae, Pr. mirabilis, Esch. coli, and 
Klebsiella are also susceptible in vitro. 

Pseudomonas organisms are resistant to Loridine, as are most 
indole-producing Proteus species and motile Enterobacter species. 


Indications: Loridine is indicated in the treatment of serious infec- 
` tions of the respiratory tract, genito-urinary tract, bones and joints, 
bloodstream, soft tissue, and skin due to susceptible strains of the 
organisms listed above. It is also indicated for therapy of early 
syphilis when penicillin may be contraindicated. (See Warnings in 
regard to cross-sensitivity with penicillin.) It is indicated in the treat- 
ment of gonorrhea when penicillin is not considered the drug of choice. 

Appropriate culture and susceptibility studies should be per- 


“<-..formed. If the susceptibility tests show that the causative organism 


“4s resistant to Loridine, other appropriate antibiotic therapy should 
be instituted. 

Contraindications: Loridine is contraindicated in those persons who 
have shown hypersensitivity to it or other cephalosporins. 

Warnings: IN PENICILLIN-SENSITIVE PATIENTS, CEPHALOSPORIN C DERIVATIVES 
SHOULD BE USED WITH GREAT CAUTION, THERE IS CLINICAL AND LABORATORY 
EVIDENCE OF PARTIAL CROSS-ALLERGENICITY OF THE PENICILLINS AND THE 


* "CEPHALOSPORINS. INSTANCES OF PATIENTS WHO HAVE HAD SEVERE REACTIONS 


TO BOTH DRUGS, INCLUDING DEATH FROM ANAPHYLAXIS, HAVE BEEN REPORTED. 

Impairment of renal function during treatment may be indicated 
by the appearance of casts in the urine, proteinuria, falling urinary 
“Output, a rising BUN or serum creatinine, or a decreasing creatinine 
clearance or urine/plasma creatinine ratio. 

Cephaloridine should be given cautiously when used with other 
antibiotics having nephrotoxic potential, e.g., gentamicin, kanamycin, 
polymyxin B, and colistin. 

The results of experimental studies in animals suggest that the 
concurrent use of potent diuretics, such as furosemide or ethacrynic 
acid, may increase the risk of renal toxicity. 

Usage in Pregnancy—Safety of this product for use during preg- 
nancy has not been established. 


Precautions: In the case of infections due to beta-hemolytic strep- 
tococci, antibiotic therapy should be continued for at least ten days. 

In the therapy of gonorrhea, patients in whom there is reason to 
suspect concomitant syphilis should have dark-field examinations of 
all suspect lesions before treatment and monthly serologic tests for 
a minimum of three months. 

Indicated surgical procedures should be performed in conjunction 
with antibiotic therapy. 

Superinfections may develop with organisms not in the spectrum of 
Loridine, particularly Pseudomonas. These can be recognized by clinical 
observation and by means of appropriate cultures. If they occur, proper 
therapeutic measures should be taken. 


. 


Since safety for use in premature infants and in infants under one 
month of age has not been established, administration of cephalori- 
dine to these patients is not recommended. 

A false-positive reaction for glucose in the urine may occur with 
Benedict's or Fehling’s solution or with Clinitest® tablets but not with 
Tes-Tape® (urine sugar analysis paper, Lilly). 


Adverse Reactions: Hypersensitivity—Maculopapular and erythema- 
tous rashes, urticaria, and anaphylaxis have been reported. Drug 
fever and eosinophilia also have been noted. Hypersensitivity re- 
actions are more likely to occur in patients with a history of allergy, 
particularly to penicillin. 

Blood—Neutropenia and leukopenia have been reported. Some in- 
dividuals have developed positive direct Coombs tests during therapy. 

Liver-—Transient elevations of transaminase and alkaline phos- 
phatase levels have been noted. The significance of these findings is 
uncertain. 

Renal—Severe, acute renal failure, in some cases terminating in 
death, has occurred in a small number of patients receiving Loridine. 
The possibility of this complication seems to be greater in seriously 
ill patients given more than recommended doses. Acute tubular 
necrosis has been noted in affected patients coming to autopsy. 

Local Reactions—Pain on I.M. injection of Loridine is rare, and 
phlebitis on 1.V. injection occurs infrequently. 

Other—Nausea and vomiting have been reported. 


Administration and Dosage: Ampoules should be protected from light. 
Extemporaneous mixtures of Loridine with other antibiotics are not 
recommended. 

Loridine should be dissolved in either Sodium Chloride Injection 
or Sterile Water for Injection (see the package literature for dilution 
table). 

Intramuscular Injection—Loridine is usually injected into a large 
muscle mass, for example, the gluteal region or the lateral aspect 
of the thigh. 

The usual adult dosage for many infections of moderate severity 
is 500 mg. to 1 Gm. three times a day at equally spaced intervals. 
Milder and more susceptible infections have been treated with 250 
to 500 mg. given two or three times a day. More severe infections 
may be treated with 500 mg. to 1 Gm. four times a day. 

A single 2-Gm. dose is recommended for the treatment of acute 
gonorrhea. 

Early syphilis may be treated with 500 mg. to 1 Gm. daily for ten 
to fourteen days. 

Although some clinical experience with high doses for life-threat- 
ening conditions has been reported, it has been shown that excessive 
dosages (above 4 Gm. daily) may cause serious nephrotoxic reac- 
tions. For this reason, Keflin® (sodium cephalothin, Lilly) may be 
preferred when doses larger than 4 Gm. daily are considered for life- 
threatening situations. If more than 2 Gm. of cephaloridine is injec- 
ted daily, the patient should be under close clinical observation for 
changes in renal function or be hospitalized. In addition, reduced 
dosage shouid be employed in patients with known or suspected 
renal impairment (see the package literature). 

In children, a daily total of 30 to 50 mg. per Kg. (15 to 25 mg. per 
pound) of body weight, given in divided doses, has been found effec- 
tive for mild to moderately severe infections. A daily total of 100 
mg. per Kg. (50 mg. per pound) of body weight (not to exceed 
recommended adult doses) may be needed for very severe infec- 
tions. Since safety for use in premature infants and in infants under 
one month of age has not been established, the use of cephaloridine 
in these patients is not recommended. 

in both adults and children, failures have appeared to be related 
more closely to insusceptibility of the organism or poor general con- 
dition of the patient than to inadequate dosage. 

Intravenous Injection—in the presence of extremely serious infec- 
tions (such as bacteremia) or when any infection seems overwhelm- 
ing, intravenous administration may be indicated. 

Total daily dosages are the same as with intramuscular injection. 
For very susceptible organisms, 500 mg. to 1.5 Gm. per day may 
suffice: for less susceptible organisms and for serious infections, 2 
to 4 Gm. per day may be needed. 


How Supplied: Ampoules Loridine® (cephaloridine, Lilly), as follows: 

250 mg., 5-mi. size, rubber-stoppered, in packages of 50 (No. 771) 
accompanied by six 20-ml. ampoules of Bacteriostatic Sodium Chio- 
ride Injection, U.S.P. 

500 mg., 5-ml. size, rubber-stoppered, in packages of 1 (No. 722); 
also available in packages of 50 (No. 772) accompanied by six 20-ml. 
ampoules of Bacteriostatic Sodium Chloride Injection, U.S.P. 

1 Gm., 10-ml. size, rubber-stoppered, in packages of 1 (No. 723); 
also available in packages of 25 (No. 773) accompanied by four 
20-ml. ampoules of Bacteriostatic Sodium Chloride Injection, U.S.P. 
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Additional information available to the profession 
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Experimental Esophageal Lye Burns 


ll. Correcting Established Strictures with Beta-Aminopropionitrile 


and Bougienage 


JOHN W. MADDEN, M.D., WILLIAM M. DAVIS, M.D., COOLEY BUTLER, I, M.D., 


| T HE SEQUELAE of chemical injury of the esophagus 
t remain a major medical problem.'? Ingestion of 
corrošive agents, párticularly strong alkalies, may pro- 
duce acute perforation and death or, more typically, 
_ chronic esophageal stenosis and significant morbidity.” 
When initial injury penetrates the entire esophageal 
wall or subsequent infection converts a deep partial 
thickness burn into a full thickness injury, free per- 
foration with catastrophic complications may occur. 
Most burns, however, do not result in free perfora- 
tion. Partial thickness injuries and, occasionally, even 
full thickness burns are walled off by surrounding 
tissues and heal. Although this normal response of 
i esophagus to injury may prevent acute perforation, 
_ wound healing and scar formation create additional 
pathophysiology. During healing, the normally pliant 
esophagus may be converted into a rigid, narrow tube 
. incapable of passing food. As necrotic tissue sloughs 
and the resultant ulcer heals, large deposits of dense 
scar tissue replace the normal submucosal and muscle 
layers. The presence of scar tissue alone may be of 
little consequence. However, if scar prevents the esoph- 
agus from dilating adequately or narrows the esoph- 
agus beyond critical limits, normal deglutition is im- 
possible. Thus, the physical properties and form of 
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esophageal scar tissue determine the physiological out 


come of injury. a 


Standard treatment of lye ingestion is designed? 48, 
alter form of esophageal scar tissue by mechaniéal 
bougienage and to alter inflammatory response * “and: 


quantity of scar deposited by administering pharnia:2 z ; 


cological doses of steroid hormones. Unfortunately, 3. 
neither of these therapeutic measures are fully effec: ~ 
tive. Limited data are available on the biology: of 


visceral wound healing. However, if esophageal and .- 


cutaneous wound healing are analogous processes, fail- 
ure of standard therapy can be explained biologically. 


' Form of surface scars can be altered by mechanical..: 


means, but splints must be applied continuously . for’: 
many months to achieve a permanent correction : În 
esophageal injuries, bougienage (a form of mechanical, 
splinting) can only be performed intermittently. Each‘. , 
episode corrects rather than prevents form alterations; 
presumably creating new wounds and more scar. AL 
though steroid hormones reduce acute inflammation, . 
rate of protein synthesis, and rate of scar formation 
significantly, permanent effects on quantity or quality 
of scar tissue may not occur. Ultimately, wounds heal 
under the influence of systemic steroids with the 
accumulation of large amounts of scar. Systemic steroids 
change the rate of wound healing but may not alter the 
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qaiantitative aspects of scar formation. In addition, both 
mechanical bougienage and pharmacological doses of 
steroids have significant mortality and morbidity. Be- 
cause of these inherent failings of current therapy, we 
have investigated new approaches to the prevention 
and therapy of esophageal stenosis. 

The physical characteristics of all mesenchvmal tis- 
sues including scars are directly related to the physical 
properties of collagen fibers. Therefore, altering quan- 
tity or physical properties of scar collagen should alter 
the pathophysiology of esophageal injury. In order to 
be useful clinically, anticollagenous agents must spe- 
cifically affect collagen without interfering with metabo- 
lism of other biologically important molecules and 
selectively affect collagen in pathological lesions with- 
out influencing structural integrity of normal mesen- 
chymal tissues.'* Selectivity can be achieved by using 
agents affecting only newly synthesized collagen in 
situations where collagen is turning over more rapidly 
in diseased than in normal tissues. Specificity can be 
achieved either by inhibiting unique steps in collagen 
maturation or by interfering specifically with collagen 
synthesis. Although several methods of inhibiting 
collagen synthesis are under study, none appear to be 
ready for clinical trial in the near future, Normal col- 
lagen maturation, however, can be inhibited specifi- 
cally in animals and man using agents currently under- 
going clinical evaluation. 

The physical properties of newly synthesized scar 
tissue depend upon the amount of collagen synthe- 
sized, the physical weave of the collagen fibers, and 
the number of covalent bonds between collagen molec- 
ules. Although several types of cross bonds have been 
identified, covalent bonds derived from aldehyde pre- 
cursors are the major stabilizing force in fiber forma- 
tion. Covalent bonding in newly synthesized collagen 
can be prevented specifically by a class of chemical 
compounds called lathyrogens. Beta-aminopropionitrile 
(BAPN), the most powerful known osteolathvrogen, 
specifically inhibits the action of lysyl oxidase and pre- 
vents the oxidative deamination of lysyl residues in col- 
lagen.” Because lysine derived aldehydes are neces- 
sary for the production of normal covalent bonds 
between molecules, collagen synthesized under the in- 
fluence of BAPN fails to form covalent cross bonds. 
Lathyritic collagen forms fibers morphologically in- 
distinguishable from normal collagen; lathyritic fibers, 
however, have significantly decreased tensile strength.?® 
The systemic administration of BAPN in doses insuf- 
ficient to produce generalized mesenchymal effects, 
reduces burst strength of healing skin wounds in rats, 
reduces the restrictive effect of adhesions around flexor 
tendon repairs in chicken’s feet, and changes the type 
and amount of scar tissue in dimethylnitrosamine-in- 
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duced hepatic cirrhosis in rats.4°°° In addition, BAPN 
specifically inhibits covalent cross bonding in newly 
synthesized collagen in man.1**#4 

Recently, we have demonstrated that inhibiting ly- 
syl oxidase activity prevents stenosis in dogs with acute 
esophageal lve burns.» BAPN alone, without addition 
of mechanical bougienage, 1s 


chanical bougienage can reverse established esopha- 
geal stenosis. 


Materials and Methods 


The canine model of esophageal stenosis used in 
these studies has been described elsewhere.” Under 
Nembutal anesthesia, the distal esophagus was ex- 
posed through a left thoracotomy incision, Great care 
was taken not to disturb the longitudinal and segmental 
blood supply. A double lumen, plastic nasogastric tube 
inserted through the mouth was isolated within a 5 cm. 
esophageal segment with umbilical tapes. A 20% 
solution of sodium hydroxide was instilled into the 


isolated segment until a pressure of 30 cms. of water | 


could be measured. After maintaining the pressure for 
60 seconds, the sodium hydroxide was removed and 
the isolated segment irrigated with distilled water for 
15 seconds at a pressure of 30 cm. of water. Washing 
was repeated three times. Before the chokers were 
removed, extent of the burn was marked with stainless 
steel wire sutures placed in the muscle and the sub- 
mucosal layers at either end of the burned segment. 
Distance between sutures was measured carefully 
while the chest was open and by X-ray after the thora- 
cotomy was closed. 

Barium esophagograms were performed prior to 
burning and every 2 weeks throughout the experi- 
ment. Under general anesthesia, animals were posi- 
tioned a standard distance from X-ray source and film 
cassette. Thin barium was introduced into the upper 
esophagus through a plastic catheter at a pressure of 
30 cm. of barium-water mixture. Exposures were 
made when barium regurgitated into the mouth or 
when 500 ml. had been administered. The process 
was repeated twice. Fsophageal diameter was de- 
termined by measuring the narrowest portion of the 
barium column between the wire sutures on both ex- 
posures and determining the mean. 

At sacrifice, the esophagus was inflated with 10% 
neutral buffered formalin after ligating proximal and 
distal ends beyond the injured segment and was im- 
mersed for at least 48 hours in the same fluid. Longi- 


as effective in prevent- : 
ing esophageal stenosis as large doses of systemic ster- 
oid hormones and bi-weekly bougienage. The follow- 
ing studies were performed to test the hypothesis that - 
inhibiting intermolecular covalent bonding in newly | 
synthesized scar collagen with the addition of me- 
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tudinal and transverse transmural blocks were excised 
from the injured segment and examined histologically. 
Where the injury appeared eccentric, the area of max- 
imum destruction was included in the longitudinal 


block. 


Experimental Design 


Forty adult mongrel dogs had standard esophageal 
lye burns as described. All were fed a soft solid diet 
for 4 weeks and had no other treatment. During this 
interval, four dogs died of acute esophageal perfora- 
tion. At 4 weeks, barium esophagograms were analyzed 
and the 30 animals with the smallest esophgeal di- 
ameters were randomly divided into three groups. 
Group I received no therapy and served as controls 
for Groups IT and HI. Group H were begun on daily 
injections of Prednisolone (0.1 mg./Kg.). Group III 
received BAPN fumarate (100 mg. base/Kg.) as 
daily intraperitoneal injection. Previous data indicate 
that this dose of BAPN inhibits covalent bonding in 
newly synthesized collagen significantly without 
producing measurable effects on mature connective 
tissue.” In addition to daily drug injections, Groups 
IT and III were dilated weekly under general anes- 
thesia with a tapered 46 French mercury filled esoph- 
ageal bougie (Maloney type), Groups II and III were 
treated for 6 weeks, beginning 4 weeks after the esoph- 
ageal burn, and followed for an additional 20 weeks 
after the cessation of therapy (F ig. 1). 

Our previous experience with this canine model 
demonstrated that only deep, muscle penetrating burns 
produced permanent esophageal stricture.! Therefore, 
at the conclusion of the experiment, each esophageal 
specimen was examined and the depth of burn es- 
tablished. The examiners had no knowledge of the 
previous treatment administered. Only animals with 
deep, penetrating muscle burns will be considered. 
Two of the controls, three of the steroid treatment 
group, and two of the BAPN group had superficial 
burns and were discarded. 


Results 


Mean esophageal diameters for all groups are pre- 
sented in Table 1. During the 4 weeks prior to treat- 
ment, all animals lost weight and developed signifi- 
cant esophageal stenosis by esophagogram. At the 
beginning of treatment, esophageal diameters were com- 
parable in all groups. During the 6-week treatment 
interval, mean esophageal diameters of the steroid 
plus bougienage group increased slightly but did not 
differ significantly from the control group. No further 
increase in mean esophageal diameter occurred during 
the 5-month follow-up period (Fig. 2). In contrast, 
the mean esophageal diameters of the BAPN plus 
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Fic. 1, Experimental design. At 30 weeks, dogs were sacrificed 
and only animals with deep muscle penetrating burns were 
considered. 


bougienage group increased steadily during treatment. 
By the end of the treatment interval, mean esopha- 
geal diameter was significantly larger than both the 
steroid plus bougienage and control groups (p < 
0.02). After treatment was discontinued, mean esoph- 
ageal diameter continued to increase, reaching a max- 


imum at 18 weeks, and remaining constant thereafter - 


throughout the remainder of the 7-month observation 
period (Fig, 2). 

Clinically, dogs in the three groups behaved differ- 
ently. By the fourth week, despite ravenous appetites, 
all animals had difficulty swallowing a soft solid diet. 
Food swallowed quickly would be regurgitated a few 
moments later. After many attempts, however, some 
food would pass into the stomach. Control animals 


eeeeseee RAPN + BOUGIE 
om oe STEROIDS + BOUGIE 


30 
E m CONTROL ii 
£ 
Z bets + wt, eee 
a p oe ua 
= Tes iih ai Loa 
Lis * 
= 20 a 
< ” 
Q pe 
s | . 
z : ] 
id + 
=< ~~ et ee eins om -47 j 7 de 
S 10 een J a. 7 is j | 
vf i w Pea 
z 
{ = 
tj 
= TREATMENT 
ey 
O 2 4 6 B 10 12 14 16 18 20 22 24 26 28 30 


WEEKS POST BURN 


Fic. 2. Mean esophageal diameters and standard errors for the 
three groups. Although dogs were treated from the 4th through 
the 10th weeks, BAPN animals continued to improve for an 
additional 8 weeks, 
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Smallest Diameter of Esophagus 
(mean, mm + SE) 


Group IT Group HI 


BAPN + Bougienage (n= 8) 
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TABLE 1. 
es 
Group Í 
Control (n=8) 
Pre-burn 28.5 + 0.6 
2 Weeks 6.1 +40.8 
4 Weeks 6.8 + 0,8 
6 Weekst 6.5 40.8 
8 Weeks T.34 140 
10 Weeks 7.7 + 1.6 
12 Weeks 8.04 1.8 
14 Weeks 
16 Weeks 
18 Weeks 
20 Weeks 
22 Weeks 
24 Weeks 
26 Weeks 
28 Weeks 


30 Weeks 


t Animals treated from Week 4 through Week 10 
* Significantly greater than Groups I and I], p < 0.02 


maintained this behavior until weight loss was signifi- 
cant or they lost interest in eating. By the 12th week, 
the majority of control animals ned reached this state 
and were sacrificed. With the exception of one animal, 
the steroid plus bougienage group improved with the 
onset of therapy. Although all steroid plus bougienage 
animals continued to regurgitate, some food could be 
swallowed after several attempts. By the end of the 6- 
week treatment interval, steroid plus bougienage dogs 
continued to regurgitate, but maintained their weight. 
The lone exception could not maintain weight de- 
spite steroid plus bougienage treatment and was sacri- 
ficed in the sixth week of treatment; esophageal diam- 
eter during the final week was less than 4 mm. In con- 
trast, BAPN plus bougienage treated animals pees 
a steadily with the onset of therapy. (Figs. 3-6) By 6 

= weeks, all animals ate without regurgitating and main- 
tained or increased their weight during the observa- 
tion period. 

. Histologic examination of the esophagi at the con- 
clusion of the experiment revealed that submucosa 
and muscle layers of all animals had been replaced by 
dense scar tissue. Examination of specimens without 
prior knowledge of treatment failed to reveal signifi- 
cant histological differences. Although thickness of re- 
generated epithelium and vascularity of scar varied 
slightly, differences observed within each group were 
greater than differences between groups. (Figs, 7-8) 
Even in retrospect, BAPN treated animals could not 
be distinguished from steroid treated dogs. No histo- 
logic abnormalities of collagen fibers were observed 
under the light microscope and the size and type of 
scar, estimated in Masson trichrome stained prepara- 
seemed the same in all groups, Two of the 


27.2421 26.7 215 
7041.5 8.84 1.5 
T5146 7.9 + 1.6 
90+ 1.8 13.341.7 
9742.3 16.7 + 1.8 
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BAPN treated animals, however, developed general- 
ized transmural thinning of the esophagus. Both ani- 
mals had full thickness burns completely healed with- 
out stricture. 


Discussion 


Although methods of preventing esophageal stenosis 
following acute lye burns have been investigated ex- 
tensively in animals and man, technics for correcting 
established strictures have received minimal study. In 
acute burns, steroids alone, BAPN alone, or steroids 
plus bougienage reduce stricture formation signifi- 
cantly.7'5 Bougienage alone, however, does not pre- 
vent the development of esophageal stenosis.*’° Nev- 
ertheless, despite the inadequacies of bougienage, 
clinicians must rely on chronic mechanical dilatation 
once a fibrous stricture is established. If the esophagus re- 
ceives a superficial injury and strictures are mild, 
bougienage provides lasting benefits. However, in se- 
vere penetrating injuries with extensive scarring and 
tight strictures, bougienage fails frequently.° Even 
with the addition of local steroid injections, chronic 
bougienage may not provide an adequate passage for 
food." 

In our canine model, dilating established strictures 
with the addition of systemic steroids failed to provide 
normal esophageal size or to restore normal eating 
patterns. Following each dilatation, steroid treated 
dogs seemed to swallow a soft solid diet more easily 
and to regurgitate less frequently. Improvement, how- 
ever, was temporary. Within a few days, swallowing 
problems recurred. Mean esophageal diameters of the 
steroid plus bougienage group were slightly larger than 
the controls, Although statistically insignificant, this 
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Fics. 3-6. Barium eso- 
phagograms of the dog 
who responded least well 
to BAPN therapy. (3) 
Prior to burning. (4) At 
4 weeks, just prior to 
beginning treatment. (5) 
After 6 weeks of BAPN 
and bougienage treat- 
ment. Esophageal diam- 
eter is 3 times the pre- 
treatment measurement. 
(6) After seven months 
of observation. Esopha- 
geal diameter is 4 times 
the pretreatment mea- 
surement. Despite the 
mild stenosis, the dog 
ate normally. 


small difference may account for improved clinical 
behavior. 

In contrast, BAPN plus mechanical bougienage re- 
versed established esophageal stenosis, restoring nor- 
mal esophageal patency and adequate physiological 
function. More important, once stenosis had been cor- 
rected, strictures did not recur in BAPN treated dogs. 
By the end of the treatment interval, animals ate with- 
out regurgitation and, by 18 weeks, feeding patterns 
in all dogs seemed entirely normal. 

Because of our limited knowledge of how visceral 
wounds heal and how mechanical dilatation affects 
morphology and kinetic chemistry of scars, the mech- 
anism by which lysyl oxidase inhibition plus bougienage 
reverses fibrous stricture is not clear. Data available 
from studies of cutaneous wound healing, however, 
provide at least two hypotheses. Despite their histo- 
logic appearance, dermal wounds remain metaboli- 
cally active for prolonged periods.*° New scar collagen 
is deposited and older material is removed at a rapid 
rate for many months. If the metabolic turnover of 
esophageal scar collagen remains elevated during the 
period of BAPN administration, newly deposited col- 
lagen would be lathyritic. Because lathyritic collagen 
lacks the great tensile strength of normally cross bonded 
fibers, mechanical dilatation could cause slippage of 
individual fiber bundles or rupture of non-covalent 
intermolecular bonds without creating a physical 
discontinuity in the scar. This hypothesis suggests that 
as esophageal scar collagen undergoes rapid metabolic 
turnover in the presence of a lysyl oxidase inhibitor, 
rigid esophageal scar becomes pliant and mechanical 
dilatation stretches the scar without creating new 
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wounds. However, if rate of collagen turnover is not 
rapid enough to produce a lathyritic scar quickly, 
bougienage could rupture the stenotic segment cre- 
ating a new esophageal wound. As the wound heals 
under the influence of BAPN, newly deposited collagen 
would be lathyritic. Subsequent mechanical dilatation 
could stretch or slip lathyritic fibers maintaining esoph- 
ageal size without additional injury. Data from acute 
esophageal lye burn experiments suggest that in the 
presence of lathyritic scars even swallowing a soft 
solid diet dilates the esophagus and maintains pat- 
ency.” In addition, although lathyrism has no affect 
on the contraction of cutaneous wounds, careful ex- 
amination of esophagi from acute experiments indi- 
cates that lysyl oxidase inhibition may prevent wound 
contraction following esophageal injury.” Thus, a sec- 
ond hypothesis suggests that dilating a fixed fibrous . 
stricture creates new wounds and, under the influence 
of BAPN, new scar formed remains pliable and easily 
stretched. 

Both of these hypotheses are testable and point out 
the urgent need for careful study of biochemistry and 
mechanics of visceral healing. Preliminary 
experiments have demonstrated that visceral and cu- 
taneous wounds differ significantly in rate of strength 
gain and in biochemical kinetics.!! Currently, there are 
no quantitative data on visceral wound contraction. 

Esophageal architecture differs from species to spe- 
cies. Several authors have stressed the differences be- 
tween canine and human esophageal anatomy and 
physiology. The canine model used in these experi- 
ments does not represent human esophageal stenosis. 
Our data demonstrate, however, that fibrous esopha- 
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Fic. 7. Photomicrograph of esophagus from a steroid plus 
bougienage-treated dog 30 weeks post-burning. Dense scar 
tissue has replaced the entire esophageal wall including the 
muscularis. (Mallory’s Trichrome, 105x magnification ) 


geal strictures created in the dog using these technics 
are stable over long time intervals and produce per- 
manent physiological impairment.! Occasionally, we 
‘have noted a discrepancy between the functional di- 
ameter of the esophagus as measured by standard 
barium esophagograms and esophageal diameter mea- 
.. sured in fixed postmortem specimens. Because of our 
: interest in the effects of treatment on pathophysiology, 

‘we have stressed the functional rather than the fixed 
anatomical measurements. 

Transmural thinning of the esophagus noted in two 
of our BAPN treated dogs is curious. This phenomenon, 
although unexplained, is not limited to BAPN treated 
animals. Control dogs, without treatment of any kind, 
have developed transmural thinning as early as 4 weeks 
following burning.” In addition, Rosenberg et al, noted 
esophageal thinning in rabbits treated with steroids 
following esophageal lye burns.2® Generalized thinning 
may be due to rapid tissue remodeling secondary to the 
burn itself and deserves further study. 
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Data presented in this paper establish the principle 
that pathophysiology created by inappropriate fibrous 
tissue deposition can be altered significantly by inter- 
fering with normal scar collagen metabolsim. BAPN 
is only one example of several anticollagenous agents 
with clinical potential, Inhibiting collagen synthesis, 
either by chelating metals functioning as cofactors for 
proline hydroxylation or by introducing proline ana- 
logues incapable of hydroxylation, is an attractive area 
for study. Unfortunately, data on the in vivo effects of 
these agents are contradictory.*:!%:1%.29 As yet, data dem- 
onstrating significant effects on wound healing by spe- 
cifically inhibiting collagen synthesis in vivo are not 
available. Currently, agents specifically interfering with 
normal collagen maturation seem to be the most prom- 
ising. In addition to BAPN and other lysyl oxidase in- 
hibitors, d-penicillamine, an agent chelating lysine- 
derived aldehydes, produces lathyrism in animals and 
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Fic. 8. Photomicrograph of esophagus from a BAPN plus bou- 
gienage-treated dog 30 weeks post-burning. The dense scar 


tissue replacing the entire wall is more vascular and slightly 
more cellular than specimen shown in Figure 7. Differences of 
even greater magnitude, however, occurred within groups. ( Mal- 
lory’s Trichrome, 105x magnification ) 
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ran.!°.22 Because of the potential clinical usefulness of 
these agents, further study in: man seems warranted. 
Under FDA supervision, double-blind controlled 
studies of the effects of BAPN and d- penicillamine on 
pathophysiology of human diseases are in progress. 


Summary 

1. Instillation of 20% sodium hydroxide under care- 
fully controlled conditions creates a standard injury 
of the mucosal, submucosal, and muscular layers of the 
canine esophagus. Healing, over a 4-week period, pro- 
duces a fixed, fibrous stricture which results in severe 
dysphagia and significant inanition. _ 

2. Treating 4-week old established strictures for 6 
weeks with weekly bougienage and daily administra- 
tion -of Prednisolone improved the ability of dogs to 
swallow, but did not produce a significant increase in 
esophageal diameter nor restore normal eating pat- 
terns, After discontinuing therapy, neither clinical be- 
havior nor esophageal diameters improved during a 
20-week post-treatment observation period. 

3. Treating 4-week old fibrous strictures for 6 weeks 
with weekly bougienage and daily administration of 
BAPN (a powerful lysyl oxidasé inhibitor) produced 
a significant incréase in esophageal diameter (p < 
0.02)..and restored normal deglutition. After discon- 
tinuing therapy, both the nutritional status of the ani- 
mals and esophageal diameters continued to improve 
during a 20-week post-treatment observation period. 

4. BAPN inhibits the formation of intermolecular 
covalent bonds in newly synthesized collagen: Sub- 
stitution of collagen with a low cross bonding density 
for normal collagen in metabolically active scar tis- 
sué may be responsible for the significant differences 
in esophageal diameter and clinical behavior ob- 
served between steroid and BAPN groups. 
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DISCUSSION 


_ De. Harry H. LeVeen (Brooklyn): The results presented 
by the authors do confirm the value of lathrogenic drugs in the 
treatment of disabling strictures of the esophagus. 

A year ago when a similar paper was presented to the society 
“on this topic, I asked the authors why they had chosen BAPN 
-rather than B-penicillamine. By this I meant to suggest that 
penicillamine would be a better choice than BAPN. At this time 
again I would like to put forth the suggestion with greater force. 

We, like many others, have been studying the effects of peni- 
cillamine on cellagen synthesis, especially in wound healing. 
Penicillamine has the advantage that it has already been used 
` in humans, mainly for Wilson’s disease, rheumatoid arthritis and 
cystine stones, but it has also been used in human diseases char- 
acterized by excessive fibrosis. Some patients have been treated 
with penicillamine for 5 or 10 years without adverse effects. 
Adverse effects which do occur are known and reversible, Peni- 
cillamine increases soluble collagen in tissues at the expense of 
insoluble collagen. BAPN is much less active in this regard. 
Dasler in 1961 showed that BAPN reduced the percentage of 
insoluble collagen and increased the percentage of soluble col- 
lagen in subcutaneously implanted vinyl sponges. (Metabolism 
110:883, 1961) Nimni and Bavetta repeated this work using 
penicillamine instead of BAPN, the results were far greater than 
had been observed with BAPN. (Science 150:905, 1965) In 
Copenhagen, a surgeon has used penicillamine clinically to pre- 
vent keloid formation in susceptible patients. Because penicilla- 
mine therapy increases soluble collagen at the expense of in- 


; - soluble collagen, Harris has even suggested its use in scleroderma, 


-a disease where esophageal stenosis is often observed. Penicilla~ 
mine -has been suggested for use in cirrhosis and pulmonary 


> fibrosis. Penicillamine would be more effective in the treatment 
. Of esophageal stricture and because so much more is known 


about its use, it could be used in human cases directly without 
. further animal experimentation. 


Dr. STANLEY M, Levenson (Bronx): I would just like to 
» comment on a point that Dr. Madden raised concerning a possible 
- mechanism underlining the finding he has just reported and to 
recall to you that this really should come as no surprise to any 
of us. 

‘Lind, more than 200 years ago, reported that when sailors 
become scorbutic, wounds they had received years before and 
had long since healed broke down without further trauma, the 
inference being of course that the wound was still an active, 
dynamic part of the body quite different from the ordinary un- 
injured connective tissue, even after many years, 

Experimentally, that fact was confirmed in the laboratory about 
25 or 30 years ago by a type of experiment analogous to Dr. 
Madden’s. Laparatomy wounds were made in guinea pigs which 
were maintained on a normal intake of ascorbic acid (Proc. Soc. 
Exptl. Biol. Med. 82:95, 1953). After about 6 weeks the guinea 
pigs were placed on a vitamin C deficient diet. The laparatomy 
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Normal and Lathyritic Chick. J. Exper. Med., 119:275, 
1964. 


29, Whitson, T. C. and Peacock, E. E. Jr: Effect of Alpha 
Alpha Dipyridy! on Collagen Synthesis in Healing Wounds. 
Surg. Gynec. Obstet., 128:1061, 1969. 


wounds, which had healed normally for the first 6 weeks weakened 
and some became hernias; microscopically one could see the col- 
Jagen had disappeared. 

I think what is happening in Dr. Madden’s study is that when 
BAPN is begun 1 month after the insult, the scar tissue is turning 
over very dynamically, as Dr. Madden indicated when he said 
“this fresh scar tissue.” As the collagen is reabsorbed, new collagen 
is laid down which is now under the influence of the BAPN. 
Now we have a situation which is analogous to that which 
Madden and Peacock reported last year, namely, that as collagen 
is laid down the BAPN will interfere with its cross-linking. 

This is a very important observation and I would agree that it ` 
does, have potential for many situations; materials such as penicil- 
lamine or other cross-linking inhibitors less toxic than BAPN may 
prove even more useful. 


Dr. J. W. Mappen (Closing): As far as Dr. LeVeen’s specific 
questions are concerned, we have two double-blind controlled 
experiments in progress designed to see whether we can influence 
the patho-physiology of fibrotic disease in man using d-peni- 
cillamine. | 

The problem with using d-penicillamine in experimental ani- 
mals is its expense. If we can demonstrate an effect with BAPN, 
experiments with d-penicillamine are then justified. 

Currently, we are using d-penicillamine in an attempt to reverse 
chronic esophageal stenosis in this canine model. 

The second point Dr. LeVeen made concerned the use of 
d-penicillamine in scleroderma. I believe he may have misinter- 
preted Harris’s paper. Actually, there have been three other pub- 
lications since Harris’ initial work on d-penicillamine in sclero- 
derma and most of them have indicated, in fact all of them 
indicate, that d-penicillamine has no usefulness in scleroderma. 

There are specific criteria one can set down that human dis- 
eases must meet before anti-collagenous agents could be con- 
sidered and scleroderma does not fit them. 

As far as the increase in saline extractablé collagen that d-peni- 
cillamine produces, d-penicillamine does seem to take apart Shiffs- 
base borids, (the acid soluble collagen bonds) where BAPN does 
not. 

Our experience with d-penicillamine in man indicates that in 
the doses the FDA allows us to give, it is a much less effective 
lathrogenic agent than BAPN 

As far as Dr. Levenson’s questions are concerned, we discuss 
in the manuscript in some detail the various biological possibili- 
ties of how BAPN might work. 

Rapid turnover of scar collagen in the esophagus is one possi- 
bility, but Dr. Levenson, there is another equal possibility. If 
scar collagen does not turn over rapidly in the esophagus, then 
the initial bougienage could rupture the esophageal scar and 
create a new wound. Then you have rapid collagen synthesis 
directly under the influence of a lathrogenic agent. The new 
collagen synthesized would be very weak and have very little 
tensile strength. I believe that answers both questions. 
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Divergent Nature of Gastric Mucosal Permeability and 


Gastric Acid Secretion in Sick Patients with 


General Surgical and Neurosurgical Disease 


MICHAEL J. GORDON, M.D., 


CUTE gastrointestinal ulceration may occur with a 
A variety of systemic conditions such as trauma,'?19,7? 
operation,®.%.2” central nervous system disease,” burns, 
032 hypotension, sepsis, respiratory failure, uremia and 
jaundice.1633 Although acute ulcerations which develop 
in all of these conditions are commonly grouped together 
as stress ulcers, many features of these ulcers suggest a 
varied pathogenesis.#*.36 

Davenport!!~* has shown that damage to canine gas- 
tric mucosa induced by a variety of chemical agents re- 
sults in increased lumen to mucosa back diffusion of 
hydrogen ions. Many critically ill patients and patients 
with diseases of the stomach have similarly been found 
to have greatly increased gastric mucosal permeability to 
hydrogen ion.5.30.54 

Estimation of changes in gastric mucosal permeability 
by the use of technics which employ strongly acid solu- 
tions may cause serious. bleeding.** The fluxes of lithium 
ion and hydrogen ion from lumen to mucosa are con- 
stantly related, not only in the normal stomach, but also 
when gastric mucosal permeability has been increased 
by agents which attack the gastric mucosal barrier.” If 
one employs a solution of lithium and polyethylene 
glycol (PEG), a volume marker, alterations in gastric 
mucosal permeability can be estimated by changes in 
the lithium to PEG ratio.7 This technic eliminates the 
necessity for making complicated corrected flux calcula- 
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tions previously used to assess permeability to hydrogen 

ion®?.31,34 anc is also safer because the necessity to use 

any hydrogen ion in the test solution is obviated.?°?! 
Gastric mucosal permeability and gastric acid se- 


cretion were investigated in 13 patients with general k 


surgical problems and nine patients with nèurological _ 
disease by the acid-free lithium technic. The purpose ~ 
of the study was to examine possible differences in ` 
these two groups of patients from which one might de- - 
velop insight into the pathogenesis of Cushing’s ulcer `` 
of neurosurgical disease and the acute stress ulcer of. 
general surgical disease. 7 


Methods 


Twenty-five studies of gastric mucosal permeability 
(GMP) were performed by the acid-free technic in 
22 patients cared for in a Respiratory-Surgical Inten- 
sive Care Unit. Nine of the 22 patients (11 studies) 
had central nervous system. Of the remaining .13 
patients, 12 had abdominal operations and one patient 
had severe viral pneumonia and tension peneumo- 
thorax. The latter 13 general surgical patients were 
divided intc two groups based on whether their 
GMP was normal or increased. ; 

Studies were performed after at least a 10-hour pe- 
riod of fasting. The nasogastric tube was positioned 
in the stomach to allow free flow and recovery of in- 
stilled solutions. Gastric contents were aspirated and the ® 
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stomach was washed by instillation and withdrawal of | 


995 ml. of an isosmotic sodium chloride-lithium chloride 
test solution, containing 150 mM NaCl 5 mM LiCl, and 
100 mg./100ml. polyethylene glycol (PEG—Carbowax 
4000). The pH of this solution was 6.8, All solutions 
were at ambient temperature when instilled. The 
first 225 ml. aliquot of test solution was then instilled, 
mixed gently by hand aspiration for 1 minute, and left 
in the stomach for 30 minutes. After its removal, three 
10-minute washes were performed in a similar man- 
ner. The composition of test solution and wash solu- 


‘tion was identical. The purpose of these instillations 
“was to cleanse the stomach thoroughly and allow max- 
_.imal adsorption of PEG to the gastric mucosa.*4 An ad- 
_. ditional quantitative wash with 225 ml. of test solution 
= was then performed. Fifteen-minute flux periods were 


then immediately begun by instillation of 225 ml. of 


the same test solution which was mixed gently for 1 


minute, After mixing, and “initial” 40 ml. sample was 
withdrawn, and a flux period commenced. Exactly 
15 minutes later the residual gastric content was aspi- 
rated as the “final” sample for that flux period. Four 
identical, serial, 15-minute flux measurements were 
performed, each separated by a quantitative wash. 

All samples were analyzed for the concentration of 
hydrogen (H*), lithium (Li*), sodium (Na‘), po- 
tassium (K*), chloride (CI), pepsin, and PEG. 
The concentration of H* was determined by electro- 
metric titration to pH 7.0 with 0.1 N sodium hydroxide. 


.- The concentration of Li* was determined by atomic 


_ absorption’. -spectrophotometry (model 205B Perkin- 
v Elmer spectrophotometer). The concentrations of Na* 


and K*.were determined by flame photometry with the 
use of a lithium standard. Chloride ion concentration 


Şo: was assessed by the Buchler—Cotlove chloridometer, The 


- „7 concentration of pepsin was determined by a modifica- 
“e tion of the method of Anson, The concentration of PEG 


-. was:assessed by the turbidimetric method of Malawer 


-and Powell.28 


_ Ton fluxes or changes in permeability were inferred 


` by changes in the ratio of the concentration of ion to the 
„~ concentration of PEG [A(ion/PEG)] from the initial 
. >to the final sample. The A(ion/PEG) ratios for the 
- serial replicate 15-minute flux periods were averaged 


for: each patient. An increase in the change of this 


ratio represents a positive ion flux (net gain of ion into 


the lumen), and a decrease in the A(ion/PEG) rep- 
resents a negative ion flux (net loss of ion from the 
lumen). Thus, a greater than normal negative value for 
the mean A(Li‘/PEG) ratio reflects an abnormally 
large loss of lithium ion from the lumen, and, there- 
fore, increased gastric mucosal permeability”? A 
change in intraluminal fluid volume produces an equal 
*changé in the concentration of ions and PEG and, there- 
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fore, does not affect the ratio. Similarly, pyloric loss of 
intraluminal content does not alter the ratio of ion to 
PEG. 


Results 
Flux Data 


Mean flux data for the patients with neurosurgical 
illness are presented in Table 1. The 13 patients com- 
prising the general surgical category were divided into 
two groups, one with normal and one with increased 
GMP. Previous studies of healthy vọlunteers?®?! have 
shown that the normal mean A(Li'/PEG) ratio is —0.13 
+ 0,01. Flux data for the general surgical group with 
normal GMP (A(Li*/PEG) S —0.13)- are shown in 
Table 2, and those for the group of general surgical pa- 
tients with increased GMP (A(Li*/PEG) > —0.13) are 
shown in Table 3. Previous studies of randomly selected 
similarly sick patients have shown that about one half 
will have increased GMP.*4 

The general surgical groups with increased GMP had 
a mean A(Li*/PEG) ratio of —0.19 + 0.01 (Fig. 1). 
Even though the separation of the general surgical pa- 
tients into two groups was reasonably arbitrary, the 
value for those with increased GMP is significantly more 
negative (p < 0.001) than the mean A(Li*/PEG) ratio 
of —0.11 + 0.01 found in general surgical patients with 
normal GMP and is also significantly more negative (p < 
0.005) than that of the neurosurgical group. The overall 
mean A(Li*/PEG) ratio of -0.12 + 0.02 for the neuro- 
surgical patients is almost identical to that of general 
surgical patients with normal GMP and for normal in- 
diyiduals.?®?1 

The mean A(H*/PEG) ratios, a reflection of gastric 
acid secretion, and A(pepsin/PEG) ratios of the three 
groups show a distinctly different trend (Figs. 1, 2). The 
ratios of A(H‘/PEG) and A(pepsin/PEG) are similar for 
both general surgical groups. However, the 4(H*/PEG) 
ratio of the neurosurgical patients is almost four times 
greater (p < 0.03) and the A( pepsin /PEG) is more than 
three times greater (p < 0.03) than those of the two 
general surgical groups. The mean A(Na’* /PEG) ratios 
reveal that the influx of sodium ion into the gastric 
lumen is greatest in the general surgical group with in- 
creased gastric mucosal permeability (Fig. 2). 


Clinical Data 


Striking clinical differences between the three groups 
are apparent (Tables 4-7 and Fig. 3), General sur- 
gical patients with increased permeability had the 
greatest number of complications (Table 7 and Fig. 3). 
This latter group had’ the highest mortality rate, and 
the greatest incidence of sepsis, hypotension, respira- 
tory failure, jaundice and renal insufficiency. The neu- 
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TABLE 1. Mean Flux Daia for Neurosurgical Patients e 
Patient A(Lit/PEG) A(H*+/PEG) A(Nat/PEG) A(Kt+/PEG) A(Ci-/PEG)  A(Pepsin/PEG) 
ie Re ke —0. 12 +9.3 +6.4 +2.8 +16.8 = 
2. F.C. (I) —0.04 +7.4 +1.1 +1.3 +9.8 = 
3. F. C. (II) —0.18 — — +0.7 — — 
4. J.C. (1I) —0.05 +5.5 +2.0 +0.5 +7.8 +131 
5. J. C. (I1) —0.09 $18 +8.0 +1.4 49.5 +122 
6. J. W. —Q.11 +26.4 +5.1 +3.4 +35.0 -_ 
T. F.C. —0.10 +6.1 +2.1 +0.8 +7.1 +54 
8. H. H. —0.18 +0.8 +2.3 +0.3 +2.4 +110 
9. K.F. —0.16 +18.2 +3.4 +2.4 +24.0 +327 
10. S. J. —0.18 +24.7 —1.5 +2.4 +25.3 +295 
11. I. L. —0.06 — —1.3 — — — 
Mean —0. 12 +11.1 +2.8 +1.8 +15.3 +173.2 
SEM +0.02 +3.2 +0.9 +0.3 +3.6 +45.1 
p (GS Norm GMP) NS <0.03 05 <p < 0.1 <0.05 <0.03 <0.03 
p (GS Incr GMP) <0.005 <0.01 NS <0.05 <0.05 <0.05 
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SEM: standard error of the mean; (GS norm GMP): compared to general surgical group with normal permeability; p(GS: Incr GMP): ia 
compared to general surgical group with increased GMP. Patient F. C. (I) and (II) indicates 2 measurements at different times on patient > 


F. C. 


rosurgical patients and those general surgical patients 
with normal GMP had approximately the same in- 
cidence of these complications. Increasing severity of 
illness is paralleled by increasing GMP (Fig. 4). All 
patients with normal GMP had a mean incidence of 
1.2 complications per patient compared to a mean in- 
cidence of 3.4 complications in those patients with in- 
creased GMP (p < 0.01). The relationship between 
severity of illness and increased GMP is particularly 
evident in neurosurgical patients. Nine of the 11 neu- 
rosurgical patients received intramuscular dexameth- 
asone therapy, while none of the general surgical pa- 
tients received this drug. Five of the neurosurgical 
patients receiving steroid medication had normal GMP. 
Steroid usage, therefore, as in experimental animal 
work,”-8 cannot be implicated alone as a factor which 
results in abnormal GMP. 


Gastric Bleeding 


Gastric bleeding was defined as a gastric aspirate 
greater than 2+ guaiac for 3 consecutive hours in the 
12-hour period prior to study. Using this criterion, ten 
of the 25 patients had gastric bleeding (Fig. 5). Bleed- 
ing was of minor clinical significance in all 10 patients, 


and none required more than one blood transfusion. 
Fifty per cent of the patients who bled were in the gen- 
eral surgical group with increased GMP and 50% were 
in the neurosurgical group. Gastric bleeding did not 
occur in any patient in the general surgical group 
with normal GMP. The occurrence of bleeding was 
correlated with the presence of an increased gastric 
mucosal permeability and to the presence of clinical 
features previously shown to be associated with acute 
gastrointestinal ulceration.**5* Patients who bled had a 


mean A(Li*/PEG) of —0.17 compared to a yalue: of 
—0.12 for those who did not bleed (p.< 0.005) and 


had 3.2 complications per patient (Table 7, Figs. 3-5) -` 
compared to an incidence of 1.7 complications per pa- - 


tient in nonbleeders (0.05 < p < 0.1). Neurosurgical pa- 
tients who bled also had significantly increased GMP 
(A(Li*/PEG) = —0.16) in comparison to neurosurgical 


patients without gastric bleeding (A(Li‘/PEG) = 


t 


—0.08, p < 0.001). Neurosurgical patients who bled also `, 
had significantly more complications (2.6 per patient)... 


than neurosurgical patients who did not bleed (0.8 com- 
plications per patient, p < 0.05). In addition, neuro- 
surgical patients who bled had a mean A(H*/PEG) = 


+12.5 and a mean A(pepsin/PEG) = +197 compared. | 


TABLE 2. Mean Flux Data for General Surgical Patients with Normal Gastric Mucosal Permeability l 
Patient A(Li+/PEG) A(H+/PEG) A(Nat/PEG) A(K*+/PEG) A(CI-/PEG) A(Pepsin/PEG) 
1. S. M. —0.13 +3.6 — +1.6 — — 
ae (on —0.13 +8.0 +2.1 +1.3 +10.8 +66 
3. H.G. —0.09 +0.8 —1.3 +0.4 +0.3 +8 
4. A.M. —0.07 +3.5 +5.4 +1.1 +9.0 +78 
3 M: Oe —0.13 +0.3 —0.5 +0.2 —1.2 +32 
6. E. S. —0.12 +0.4 = 29 +0.3 +0.8 = 
Mean —0.11 +2.8 +0.6 +0.8 +3.9 +46.0 
SEM +0.01 +12 +1.4 +0.2 41:7 215.9 
(NS) NS <0.03 05 <p<.1 <0.05 <0.03 <0.03 
P(GS Incr GMP) <0.001 NS NS NS NS NS 


P(NS): compared to neurosurgical group; (GS incr GMP): compared to GS group with increased GMP. 
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o TABLE 3. Mean Flux Data for General Surgical Patients with Increased Gastric Mucosal Permeability 
Patient A(Lit/PEG) ACHt/PEG) A(Nat/PEG) A(K*+/PEG) A(CI-/PEG)  A(Pepsin/PEG) 
1. [. W. —0.20 +0.1 —0.1 —0.6 +-0.2 -+9 
2. E. A. —0.19 +2.7 +7.3 +1,3 +10.0 +136 
3. L. B. —0.20 +2.6 —0.7 +-0.4 +1.1 +25 
4. A.M. (1) 0.22 +0.6 +18.4 +0.7 -+23.8 +100 
5. A. K. —0.16 +0.1 —2.3 —0.3 —3.0 — 
6. S. M. 0.16 +4.4 +6.0 +0.4 +6.2 +28 
r E E A —0.19 +5.4 +7.0 +0.8 +13.2 +78 
8. M. M. -0,20 +3.2 —2.5 +0.8 -+2,6 -+24 
Mean -0.19 +2.2 +4.1 +0.4 +6.5 -+57.1 
SEM +0.01 +0.8 +2.85 +0.2 £3.1 +18.1 
~(GS Norm) <0.001 NS NS NS NS NS 
HANS) <0.005 <0.01 NS <0.05 <0.05 <0.05 


-tto a mean A(H*/PEG) = +10.1 and a mean A(pepsin/ 


“PEG) = +127 in neurosurgical patients who did not 


bleed (p = NS). However, the A(H*/PEG) and A(pep- 
sin/PEG) in neurosurgical patients who bled were sig- 
nificantly higher than general surgical patients who bled 
A(H*/PEG) in general surgical patients who bled = 
+2.1 (p < 0.05), and A(pepsin/PEG) = +72, 0.05 < p 
<0.1). Therefore, neurosurgical patients who bleed are 
characterized by abnormally increased permeability in 
the presence of increased gastric acid secretion and in- 
creased pepsin secretion, a situation quite different from 
general surgical patients with bleeding in whom the 
GMP was increased while secretion of hydrogen ion 
and pepsin were not elevated. Sepsis, respiratory failure 
and significant periods of hypotension were individually 
or collectively present in the neurosurgical patients who 
bled in all instances. 

Several patients with neurological injury or general 
surgical illness are of special interest: 


Case Reports 
Case 1. Patient F. C. (#38-66-47), a 55-year-old man, was 


“7 studied 1 day following craniotomy for removal of a cerebellar 


tumor. The A(Li*/PEG) was —-0,04. Increased intracranial pres- 
sure developed rapidly the next day, followed by respiratory 
arrest. Decompressive craniotomy for bleeding in the operative 
site was performed. He was restudied 2 days later. At this time 
he was comatose, in respiratory failure, and had intermittent pe- 
riods of hypotension. The A(Li*/PEG) was now —0.18 and the 
gastric aspirate was 44+ guaiac. 


Comment: The first study demonstrated that intra- 
cranial surgery without associated complications was 
associated with normal GMP. Following reoperation, 
at a time when hypotension and respiratory failure 
were present, a markedly increased GMP was observed. 


Case 2. Patient K. F. (#45-62-56), a 22-year-old man, was 
admitted after a drug overdose complicated by aspiration pneu- 
monia with fixed dilated pupils, a blood pressure of 70 mm. Hg, 


eatterial pH = 7,14, Pcos = 52 mm. Hg, and base excess = —12. 


Following intermittent periods of hypotension with no resolution 


a : (GS norm): compared to general surgical group with normal permeability. 


~ (NS): compared to neurosurgical group. 


of his anoxic encephalopathy, the gastric aspirate was bloody 
(guaiac 4+ ). Study of GMP in this patient showed a A(Li*/PEG) 
= —0.16 and A(H*/PEG) = +18.2. 


Comment: Complications of hypotension and aspir- 
ation pneumonia resulting in respiratory failure were 
associated with bleeding and increased GMP in this 
patient with anoxic encephalopathy. 


Case 3. S. J. (#45-70-33), a 60-year-old woman, was admitted 
with severe frontal headache and bloody cerebrospinal fluid. 
Cerebral angiography showed an aneurysm of the right posterior 
communicating artery. Blood pressure was maintained at hypoten- 
sive levels (65 to 90 mm. Hg systolic) during operation and for 
the first 10 hours postoperatively. Gastric aspirate was 2+ to 3+ 
guaiac for 4 hours during the night preceding study. Study of 


GMP at this time showed a A(Li*/PEG) = —0.18 and A(H*/ 
PEG) = +24.7. 
A(Lit/PEG) A(Ht/PEG) 
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NN General Surgical 


(normal permeability) 
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(increased permeabillty) 





Fic. 1. Lithium and Hydrogen Ion Flux Data. Significantly in- 
creased gastric mucosal permeability [A(Li*/PEG)] was present 
in general surgical patients with increased GMP in comparison 
to general surgical patients with normal GMP. Significantly in- 
creased gastric acid secretion [A(H*/PEG)] was present in neuro- 
surgical patients in comparison to both general surgical groups. 
(p values refer to general surgical group with normal GMP) 
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Fic, 2. Sodium Ion and Pepsin Flux Data. Influx of sodium into 
the lumen [A(Na*/PEG)] was greater in general surgical pa- 
tients with increased GMP. Neurosurgical patients had a sig- 
nificantly greater pepsin secretion than patients in either general 
surgical group. (p value refers to patients in both general surgical 


groups) 


Comment: Severe hypotension was associated with 
increased GMP and increased gastric acid secretion 
in this patient with a subarachnoid hemorrhage from 
a bleeding intracranial aneurysm. 


Case 4. Patient J. C. (#45-13-98), a 51-year-old man, had a 
cerebral concussion with a scalp laceration, and underwent de- 
compression and fusion of fractured C3-5 vertebrae with quadrip- 
legia following an auto accident. When initially studied 1 week 
after admission he had a normal GMP (A(LIr/PEG) = —0.05). 
His subsequent clinical course was uneventful, Follow-up study 
4 weeks later showed a A(Li*/PEG) = —0.09. 


Comment: This study indicates the reproducibility 
of normal GMP measurements in a patient with neu- 
rological injury who did not develop any complica- 
tions. (Cushing commented that Schiff, a pupil of Rok- 
itansky, showed that hemisection of the upper two 
segments of the spinal cord in dogs would often lead to 
softening of the stomach and occasionally to actual 
perforation. )1° 


Case 5, Patient A. M. (#45-38-37), a 46-year-old lady, de- 
veloped acute gastric dilatation 4 days after a jejuno-ileal bypass 
operation performed for obesity. She was studied 18 hours after 
decompression by nasogastric tube. At this time, the A(Li*/PEG) 
was —0.22, the highest value observed in this series of patients. 
She was restudied 6 days later by which time normal gastro- 
intestinal function had resumed. Her A(Li-/PEG) fell to —0.07, 
_ a value well within the normal range. 


Comment: Markedly increased GMP was observed 
in this patient with gastric bleeding after acute gastric 
dilatation. This study strongly suggests that the mu- 
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cosal ischemia induced by gastric distension may cawse 
an alteration in gastric mucosal permeability with sub- 
sequent hemorrhage, a physiological aberration which 
is reversible with time. 


Discussion 


Gastric mucosal permeability (GMP) and gastric acid 
secretion were assessed in 13 patients with general sur- 
gical illness and nine patients with neurosurgical illness. 
Gastric mucosal permeability was determined by meas- 
urement of the change in the lithium ion to polyethylene. 
glycol ratio.®”.2°.21,37 The general surgical patients „were; 
arbitrarily divided into approximately two equal sized- 
groups based on the finding of normal or increased GMP: 
The mean flux data reveal that as a group, patients with - 
neurosurgical disease have normal gastric mucosal per-. 
meability and markedly increased acid and pepsin secre- 
tion in comparison to general surgical patients, An in- 
creased concentration of acid and pepsin*® and increased 
gastric acid secretion”? have previously been demon- 
strated in patients with intracranial injury. Hyper- 
secretion of acid and pepsin in such patients may be 
secondary to stimulation of the anterior nuclei of the 
hypothalamus. Experimental work in cats has indicated 
increases in left gastric artery blood flow and acid secre- 
tion occur in response to such stimulation.** Regardless 
of the state of GMP, patients in the general surgical 
groups have very low secretion of acid and pepsin. 

The A(H*sPEG) ratio reflects acid secretion mod- 
ified by back diffusion. It is possible that an increased 
back diffusion of H* resulting from an increase in GMP 
in these seriously ill general surgical patients could 
mask an occult increase in acid secretion. However, 
the absence of a substantial increase in pepsin secre- 
tion in these patients suggests, but does not prove, 


Neurosurgical 

N cenera’ Surgical (normal permeability) 
ZB General Surgical (increased permeabiilty) 
( )a % Patients Studied 


% PATIENTS STUDIED 





HYPOTENSION RESPIRATORY 
FAILURE 


RENAL 
INSUFFICIENCY 


Fic. 3. Pertinent Clinical Features of Patient Groups. General 
surgical pe with increased GMP had the greatest incidence — 
of complications and the lowest survival rate. General surgical 

patients with normal GMP and neurosurgical patients had ap- e 
proximately the same incidence of complications. 
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ô ~ TABLE 4. Clinical Data—Neurosurgical Patients 
Patient Age Steroids Hypo- Resp. Gastric 
Hosp # Diagnosis Sex Hct Creat. Bilirubin (Decadron) Sepsis tension Failure Bleeding Survivor 
1. R. L. _ Cerebral hematoma & contus- 70M 34 1.2 0.8 4mg. q6° No No 48° No No 
44-42-02 ion 2 d. post-auto accident 4d 
2. F.C. (I) Cerebellar carcinoma 55M 38 0.8 0.8 4mg. q6° No No No No Yes 
38-66-47 t d. post-resection 3d 
3: F. C. (II)  Decompressive craniotomy, 55M 36 12 1.0 4Amg. q6° No Yes 72° Yes Yes 
38-66-47 resp. arrest—2 d. postop., 4 d. 7d 
post-resection ; 
4. J. C. (I) Fracture C3-5 with quadriplegia 5iM 36 0.9 0.7 None No No No No Yes 
_, 45-13-98 1 w. post-decompression & 
Pe fusion 
5. J.C. (11) Fracture C3-5 with quadriplegia 51M 38 0.8 0.8 None No No No No Yes 
45-13-98 5 w. postop. 
“6. J. W. Berry aneurysm MCA 33F 42 1.1 0.8 4 mg. q6° No No No No Yes 
>. 42-00-21 5 d. post-coating 10 d 
TR E E O Bilat. subdural hematoma 74M 34 1.2 1.0 4mg. q6° Lung No 48° Yes Yes 
45-56-94 2 d. post-evac. 2d E.coli 
8. H. H. Skull fx-—~cerebral contusion 35M 42 1.3 1.0 4ng. q6° Lung No i Yes No 
45-64-02 3 d. post-trauma 3d. Klebsiella 
9. K.F. Narc. overdose-—anoxic brain 23M 46 3.9 0.9 4 mg. q6° Lung Yes 96° Yes No 
45-62-56 damage—3 d. post-adm. 4d. E. coh 
10. S. J. Berry aneurysm PCA 60F 43 0.9 0.6 4 mg. q6° No Yes No Yes Yes 
- 45-70-33 1 d. post-clipping 2d. 
11.1.1. Cerebellar tumor 61M 32 1.9 0.7 4ng. 6q° No No 48° No No 
45-80-61 2 d. post-resection 4d. 
MEAN + SEM 516 -37 1.5 0.8 
+6.2 42.2 +0.3 +40.1 





Sepsis: Significant clinical infection requiring specific treatment; Hypotension: B ood pressure Jess than 80 mm. Hg for more than 15 
. minutes at least in the 12 hours prior to study; Gastric Bleeding: Gastric aspirate more than 2+ guaiac for more than 3 consecutive hours 
in the 12 hours prior to study; MCA: middle cerebral artery; PCA: posterior cerebral artery; Hct: hematocrit (%); Creat.: serum creatinine 


(mg./100 ml.). 


that true hyposecretion of acid was present. This argu- 
ment is strengthened by the observation that those 
.. general surgical’ patients with increased GMP did not 
secgete nearly as much pepsin as the neurosurgical 
_ patients. -with increased or normal GMP despite the 
fact that Johnson has shown that disruption of the 
inucosal. barrier is associated with a marked release of 
_ pepsin: “into gastric juice. 

'DaVénport = has shown that a disrupted gastric 


ie mucosal: barrier is associated with an increased mucosa 


ee 
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to lumen flux of sodium ions, The present data indicate 
“that the greatest increase of A(Na‘/PEG) occurred 
in patients in the general surgical group with sig- 
ss nificantly increased mucosal permeability even though 
ey significant differences were not reached. 

The clinical data reveal that the group of general 


- d patients with increased GMP had a substan- 


tially higher incidence of sepsis, hypotension, respira- 


tory failure, renal insufficiency, and jaundice than 


either the neurosurgical group or the general surgical 


. group with normal GMP. This finding is in agreement 


with previous studies of critically ill patients.** The 


: positive correlation between severity of illness and 


gastric mucosal permeability is also observed within 
the neurosurgical group, where patients with increased 
„permeability generally had the greatest number of 
“associated complications. Patient F. C. is illustrative 


of this relationship. After an uncomplicated craniot- 
omy he had an elevated acid output compared to the 
general surgical patients and a normal GMP. During 
a series of complications which included hypotension 
and respirstory failure, restudy showed markedly in- 
creased GMP and 4+ guaiac gastric aspirate. In con- 
trast, patient J. C., who had a cerebral concussion and 
quadriplegia secondary to C3-5 fracture, maintained 
a normal GMP during a 4-week postoperative course 
which was not associated with any complications. 

Gastric bleeding, defined by a gastric aspirate more 
than 2+ guaiac for more than 3 consecutive hours in 
the 12 hours prior to study, occurred in 10 of 25 studies 
performed in the 22 patients. Bleeding was associated 
with increased gastric mucosal permeability in nine 
of the ten studies. A relationship between increased 
gastric mucosal permeability and bleeding from the 
stomach has been previously suggested.*4°° This con- 
cept is strongly supported by these data. The incidence 
of gastric mucosal bleeding in all patients was corre- 
lated with the number of associated complications, No 
instances of bleeding were found in the group of gen- 
eral surgical patients with normal GMP. Patients of 
this latter group also had the lowest incidence of com- 
plications. 

Four of ‘he five neurosurgical patients with gastric 
bleeding had significantly increased GMP, and the 
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TABLE 5. Clinical Data—General Surgical Patients with Normal Gastric Mucosal Permeability ra 
Patient . Ag € Hypo- Resp. Gastric ; 
Hosp # Diagnosis Sex Hct Creat. Bilirubin Sepsis tension Failure Bleeding Survivor 
1. S. M. Severe viral pnéumonia, tension 19M 36 0.8 0.6 Bilat. viral Yes 96° No No 
40-59-34 pneumothorax, tracheostomy pneumonia 
yan a Carcinoma cecum 86M 33 1.2 0.7 No No No No Yes 
34-03-87 1 d. post-right colectomy 
3. H.G. Carcinoma rectum 69M 38 1.2 0.8 No No No No Yes 
45-35-42 1 d. post-A-P resection 
4. A. M. (II) 4d. post-acute gastric 46F 39 0.9 0.7 No No No No Yes 
45-38-37 dilatation | 
5. M. L. Celiac artery graft—ATN-hepatic 27F 34 4.2 6.8 Lang Yes 7d No ‘No 
45-58-92 failure—8._d. postop. ' Klebsiella 
6. E.S. Carcinoma pancreas 60M 31 0.7 0.5 No No No No Yes 
33-08-53 2 d. post-laparotomy 
MEAN + SEM §1.2 35 1.5 re 
+0. 


+8.3 +0.8 +0.8 





ATN: acute tubular necrosis of kidneys. 


“number of associated complications were significantly 


an 


increased in the neurosurgical patients who bled com- 
pared to patients in this group who did not bleed. Hy- 
potension was prominent among these complications 
and formed a significant part of their clinical course. 
The occurrence of an increased GMP and increased 
number of associated complications was similar in the 
neurosurgical patients that bled. However, neurosurg- 
ical patients who bled also showed a significantly 
higher A(H*/PEG) and A(pepsin/PEG) than. gen- 
eral surgical patients who bled. Thus, acid and pep- 
sin output remained high despite an increase in 
gastric mucosal permeability. This important differ- 
ence suggests that neurosurgical patients with a similar 
degree of hypotension, sepsis, respiratory failure and 
other complications may be even more prone to de- 
velop acute stress ulceration because of gastric acid 
hypersecretion and increased pepsin secretion. The 


character and extent of bleeding seen in the present 
group of patients with neurological disease would ap- 


pear to be distinctly different from the clinical course- 


and pathology of patients with classical Cushing's ul- 
cers.1® Cushing described a group of nine patients who 
had massive bleeding from deeply penetrating ulcers of 
the duodenum and stomach, but in six patients he 
found curious areas of complete gastric and esophageal 
wall dissolution which Cushing called “esophagomala- 
cia” or “gastromalacia.” Cushing also described two 
patients with “antemortem mucosal erosions’ and spe- 
cifically commented that the vomitus of patients who 
had intracranial surgery often contained traces of blood. 
These two patients are probably similar to the pa- 
tients of the present neurosurgical group and are dis- 
tinctly more typical of acute stress ulcers seen-in most 


sick patients. Thus, neurosurgical patients with. in- 


creased GMP probably have an ischemic injury.. super 


TABLE 6. Clinical Data—General Surgical Patients with Increased Gastric Mucosal Permeability 





$4.2 40.9 +0.8 


CBDE: common bile duct exploration. 


Gastric oe 


Patient Age Hypo- Resp. hoe oS 
Hosp # Diagnosis Sex Hct Creat. Bilirubin Sepsis tension Failure oe Survival . 

1. I. W. Cholangitis & sepsis—2 d. 72M 36 1.2 2.8 Cholangitis Yes 24° No © Yes 
41-17-13 CBDE & sphincterotomy E. colt 

2. E- A, Aortic aneurysm--ATN 61F 32 2.5 6.1 No Yes 48° Yes Yes - jy 
45-35-44 å d. post-graft ; 

3. L. B. Gallstone ileus, asp. pneumonia, 79F 38 6.2 4.3 Lung: E.coli Yes 4d Yes No 
45-46-24 renal failure-6'd. postop. | Klebsiella 

4. A. M. (1) 1 d. post-acute gastric dilatation, 46F 34 0.8 1.2 No No No Yes Yes 
45-38-37 5 d. post-jejuno-ileal bypass l i 

5. A. K. Perf. appendix, peritonitis 78F 35 1.4 0.9 Peritonitis No 24° Yes No 
31-71-14 2 d. postop. E. coli 

6. S. M. Cholangitis, septic shock 87F 34 4.0 5.2 Cholangitis Yes 24° Yes No 

E. colt 

40-23-22 renal failure—2 d. postop. Klebsiella 

Ve. Eads Gastritis, UGI bleed, pneumonia, 73F 35 2.6 1.9 Lung No 7d No No 

< 45-64-42 7 d. post-adm. S. aureus 

8. M. M. Aortic aneurysm 75F 34 0.8 0.6 No Yes 24° No Yes 

~< 45-90-52 2 d. past-graft 
’ MEAN + SEM 71.5 34 2.4 2.9 


+0.4 
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3 TABLE 7. Summary of Clinical Data of the Three Patient Groups 
l l Rena! Gastric 

Sepsis Hypotension Resp. Insuff. Failure Janudice Survivors Bleeding Group Totals 
Neurosurg. 3/11 3/11 6/11 2/11 0/11 5/9 5/11 24/11 l 

27% 27% 55% 18% — 56% 45% 
Gen’! Surg. 2/6 2/6 2/6 1/6 1/6 4/6 0/6 12/6 
Normal GMP 33% 33% 33% 17% 17% 67% aS 
Gen’! Surg. 5/8 5/8 7/8 4/8 5/8 4/8 5/8 35/8 
Increased GMP 63% 63% 88% 50% 63% 50% 63% 
Totals 10/25 10/25 15/25 7/25 6/25 13/22 10/25 71/25 


“‘Sthan 15 minutes at least in the 12 hours prior to study. 


“imposed on the basic abnormal pathophysiology as- 


sociated with the intracranial lesion. 

Most of thé neurosurgical patients were receiving 
steroids. Although steroids themselves do not alter gas- 
tric mucosal permeability,’ they do enhance the effect 
of other agents that do.? The routine use of steroids 
to prevent cerebral swelling in neurosurgical patients 
who have been shown to have a higher acid output, 
especially when multiple complications are present, 
may be a particularly ulcerogenic combination and 
strongly suggests the need for aggressive antacid pro- 
phylaxis in these patients. 

It has been demonstrated in the rabbit that increased 
gastric transmural pressure markedly increases gastric 


' mucosa] permeability. This experimental model was 
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GASTRIC MUCOSAL PERMEABILITY, A(LI*/PEG) 


Fic. 4. Degree of Gastric Mucosal Permeability Related to Patient 
Group and Associated Clinical Features. Increasing severity of 
illness is paralleled by increasing gastric mucosal permeability 
[A(Lit/PEG)]. (Normal = patients with normal GMP; In- 
creased = patients with increased GMP; each box represents 
one patient and the number in the box indicates the number of 
clinical complications. 





is, Sepsis: Significant clinical infection requiring specific treatment; Hypotension: Systemic blood pressure less than 80 mm. Hg for more 


duplicated clinically in patient A.M. who had acute 
gastric dilatation with bleeding at a time when GMP 
was markedly elevated. When normal peristalsis re- 
sumed, a repeat study demonstrated GMP had re- 
turned to a normal value. 


Summary 


An acid-free NaCl-LiCl technic was used to assess 
alterations in gastric mucosal permeability (GMP) and 
gastric acid secretion in 13 patients with general sur- 
gical illness and nine patients with neurosurgical ill- 
ness. Gastric mucosal permeability and gastric acid 
secretion were estimated by the change in the ratio of 
A(Lit/PEG) and A(H*/PEG) respectively. 

Six of the 13 acutely ill general surgical patients had 
normal GMP. The remaining seven general surgical 
patients had increased GMP. Hypotension, sepsis, re- 
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Fic. 5. Per cent bleeding in each patient group (left hand); 
permeability and number of associated clinical complications in 
each patient who bled (right hand). No general surgical pa- 
tients with normal GMP bled (left hand). Only one patient 
with normal GMP bled (right hand). Five of the nine patients 
with increased GMP who bled had more than two associated 
complications (Each box in the right hand figure represents one 
patient and the number in the box indicates the number of 
clinical complications). 
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spiratory failure, renal insufficiency, jaundice and death 
occurred more frequently in the group with increased 
GMP. 

The group of nine neurosurgical patients had normal 
GMP, but greatly increased gastric acid secretion in 
comparison to the sickest group of general surgical pa- 
tients who show increased GMP and low acid secre- 
tion. 

Gastric bleeding not requiring more than 1 unit of 
blood transfusion occurred prior to study in ten of the 
22 patients. Four of the five patients with neurological 
injury who bled, and all of the five general surgical 
patients who bled had increased GMP, but the former 
group also have a significantly increased gastric acid 
secretion and pepsin secretion. Patients who bled also 
had a significantly increased number of clinical com- 
plications compared to the patients who did not 
bleed. A relationship between increased GMP and 
bleeding from the stomach is strongly supported by 
these investigations. Patients with neurological injury 
complicated by hypotension and respiratory failure may 
develop the same kind of ulceration seen in general 
surgical patients who bleed. It is likely that classical 
Cushing’s ulcerations of the deeply penetrating or 
perforating variety is a distinctly different clinical en- 
tity. 
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DISCUSSION 


', ‘Dr. Franx G. Moopy (Salt Lake City): Dr. Gordon and his 
colleagues have clearly demonstrated with ultra-sophisticated 
technics in the neurosurgical patient and possibly the patient 
‘with head injury has increased acid output. 

_ The major thrust of their study; however, is to demonstrate 
in the very sick patient that indeed there is a change in the 
barrier to ions, especially hydrogen back diffusion through the 
mucosa. This raises, at least in my mind, two important questions 
in the data. . a 

The first relates to the observation that in the very sick patient 
there is an increased loss of lithium from the stomach, pre- 
sumably into or through the epithelium. This is associated with 
an increased output of sodium, but there is no change in the 
rate of hydrogen production in the sick general surgical patient 
versus the very sick patient. If indeed there was a change in 
the barrier, then one could barely detect hydrogen secretion in 
the lumen of the stomach in this situation. 

The second problem relates to the observation that there is 
ho increase in lithium loss in the surgical patient who does not 
have hypotension or sepsis. Could it be that-in this patient with 
increased hydrogen secretion, there is restriction to movement of 
lithium down into the tubules thereby giving less of a surface 
area for lithium diffusion, thereby masking the possibility there 
may indeed be increased lithium loss in these patients. 

My own bias is going away from the back diffusion concept 
„as an etiology of stress ulcer, at least as a requisite etiology..for 
it has been ‘observed that in the dog with hypotension and acid 
"’ placed on the surface of the stomach, there is no increase in 
back. diffusion. Recently we have learned that with direct infu- 
"< sion of endotoxin, one can produce gastric erosions with actually 
“à décrease in. acid back diffusion. 

'. I`would. appreciate the authors’ comments in terms of their 
as ay „Concept of the etiological significance of the mucosal 
“barrier e © i. 


: Dr. C: .Tnomas Frrrs (Charleston): I would like to con- 
. gratulate ‘the authors on this evidence in humans that one of the 
particular categories of acute ulceration, namely Cushing’s ulcer 
‘is*robably patho-physiologically distinct from at least one other 

Gategory, that of acute ulceration from non-specific stress. | 
. JE fits well with evidence from experimental animals in the 
‘."Jaberatory and with the clinical work of Watts and Clark in 
: Dallas and Norton and Eiseman in Denver, among others. 
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37. Smith, B. M., Skillman, J. J., Edwards, B. G. and Silen, W.: 
Permeability of the Human Gastric Mucosa: Alteration 
by Acetylsalicylic’ Acid and Ethanol. N. Engl. J. Med., 
285:716, 1971. l l 


38. Wlodek, G.: Discussion of: Skillman, J. J. et al. The Gastric 
mucosal Barrier: Clinical and Experimental Studies in 
Critically Ill and Normal Man, an in the Rabbit. Ann. 
Surg., 172:583, 1972. 


This is, I believe, the type of information which as it gradually 
accumulates will allow us to treat acute ulcerations more logically 
and therefore probably with better results in the future. 

I have one question. I would like to know if the authors have 
any study in progress that would measure this parameter in any 
of the other categories of stress ulcer, such as steroid or in the 
burn patient with the Curling’s ulcer. | 


Dr. Jonn J. Sxrttman (Closing): Dr. Moody has raised some 
interesting questions which I do not believe can be answered 
from the work that we presented. All we can say along these 
lines is that when an injury occurs to the gastric mucoszl surface 
of the stomach, the stomach becomes moré permeable to the 
lithium ion. Other in vitro experiments which have recently been 
performed in Dr. Silen’s laboratory by Dr. Desmond Birkett indi- 
cate that when there is injury to the gastric mucosa, there is a 
change in permeability to other ions and other substances. For 
example, non-metabolized sugars such as mannitol and erythritol 
will also pass through a aay We gastric mucosa in increased 
amounts. It is also clear from the experimental data in animals 
that ischemia causes an increase in gastric mucosal permeability. 

Dr. Fitts raised the important question about the effect of 
steroids, It is interesting that in the neurosurgical group of pa- 
tients that we have reported here, a number of these patients, 
I think five out of the total group, had no increase in perme- 
ability even though they were receiving steroids, so that steroids 
by themselves do not cause an increase in permeability. Experi- 
mental work in animals has indicated that steroids do enhance 
the effect of other agents which damage the gastric mucosa and, 
therefore, cause a greater back diffusion of ions than is produced 
by the damaging agent alone. 

In summary, I would like to say that the work we presented 
today supports and extends some previous observations that we 
reported before this group several years ago. What we are show- 
ing here is that the neurosurgical group is really a different group 
from sick general surgical patients in that the neurosurgical pa- 
tients have an increase in acid output and increase in pepsin 
secretion. However, when patients in the neurosurgical group 
develop multiple complications, there is an increase in the per- 
meability of their gastric mucosa that makes them verv similar 
to the general surgical patients with multiple complications. 
Multiple complications in any group of patients seem to be asso- 
ciated with an increased risk of bleeding and we should worry 
about these patients when trying to ascertain which patients 
might develop acute gastric ulceration. 


ae 
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Effect of Proximal Gastric, Complete Gastric, and Truncal 
Vagotomy on Canine Gastric Electric Activity, Motility; ~ ` 


P ROXIMAL GASTRIC VAGOTOMY without a “drainage” 
procedure is currently under trial as an operative 
treatment for duodenal ulcer.?1113.20 The proponents 
state that the operation effectively decreases the secre- 
tion of HCI and pepsin by the stomach, thereby allow- 
ing the ulcer to heal, while preserving normal gastric 
motility. +2.11-13.20 Indeed, fewer postoperative side ef- 
fects have been reported after proximal gastric vagotomy 
than after several other anti-ulcer operations.” 4.811-18, 
18-20,24,20,33 However, the effect of proximal gastric vagot- 
omy on gastric motility and emptying has not been ex- 
tensively studied. 

Our hypothesis is that the vagally innervated proxi- 
mal stomach regulates gastric emptying of liquids by 
controlling gastric transmural pressure and that the 
vagally innervated antrum regulates gastric emptying of 
solids by controlling the terminal antral contraction. 
Thus, proximal gastric vagotomy should speed gastric 
emptying of liquids but not alter gastric empty- 
ing of solids, while complete gastric vagotomy or trun- 
cal vagotomy should speed emptying of liquids and 
slow emptying of solids. We tested this hypothesis in 
dogs by studying gastric transmural pressure and gastric 
emptying of liquids and solids before and after proxi- 
mal gastric, complete gastric, and truncal vagotomy. 


Materials and Methods 


Five healthy, mongrel, female dogs, 8 to 12 Kg. in 
weight, were used. They were alert and conscious 
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during all okservations and had been fasted at least 18 
hours. The dogs also were conditioned to the passage of* 
an oral-gastric tube. 

Four sets of control experiments were done in the 
dogs before vagotomy. In the first set of experiments, 
performed four times in each dog, gastric transmural 
pressure was measured before and during gastric disten- 
tion with a flaccid, plastic bag of capacity. greater than „` 
800 ml. Gastric transmural pressure is that pressure | 


due solely tc contractions of the gastric wall. The pien : 


sure was recorded as the difference between: the pres-* 
sure inside and that outside the gastric wall. 7 2 

The pressure inside the stomach was méasiired by. 
connecting a pressure transducer (Statham P23Dd) via’ 
an oral-gastric tube to the plastic bag used to disteiid the: 
stomach. The pressure outside the gastric wall. was.” 
measured using a sterile, plastic catheter (ID 1 main}: 
placed intraperitoneally and attached via a three-way” 
connector to a second transducer. A continuous: in- -- 
fusion of 154 mM NaCl at 0.1 ml./min was given. To 
the third channel of the connector to keep the intra: < oy 
peritoneal catheter patent. The infusion did not ‘alter’ 
the pressure recorded from this catheter, The electric - 
signals from the two pressure transducers were fed into 
a differentia! amplifier, and the difference between the. 
two signals was recorded (Heathkit Servo recorder). 
The apparatus was calibrated before and after each 
experiment Ly the use of water manometers. 

The intragastric bag was inserted through the dog's 
mouth into the stomach, anchored in place using a 
bite block, and then distended with water at 37. 50C 


295 


296 


: firsteto 50 ml., and then to 100 ml., and finally, in 100- 
ml. increments, to 800 ml. Continuous records of the 
gastric transmural pressure were obtained for 3 minutes 
at each volume of distention, and the mean pressure was 
Jater calculated from the area under each 3-minute 
curve. 

In the second set of prevagotomy experiments, gastric 
emptying of 400 ml. of 154 mM NaCl with 0.00035% 
polyethylene-l, 2-1*C-glycol (PEG, New England Nu- 
clear) of specific activity 0.6 mCi/g was assessed five 
times in each dog. An oral-gastric tube was inserted, 
and the saline was instilled into the stomach during a 
period of 30 to 45 seconds. The tube was then removed. 
The instillate was at 37.5°C when given, and had a pH 
of approximately 6.5, Ten minutes after instillation, the 
gastric tube was reinserted and the gastric content was 
withdrawn by siphoning and gentle aspiration with a 
syringe. The stomach was washed with 100 ml of saline, 
and the wash was aspirated to recover any residual 
instillate. If particulate matter was found on aspiration 
of the original instillate, the experiment was discarded. 

At the completion of each test, the volumes of gastric 
aspirate and gastric wash recovered were measured. 
The specific activities of 5-ml. samples of original 
*instillate, aspirate, and wash were determined using 
the liquid scintillation spectrometer (Packard Tri-Carb 
3375). The volume of instillate emptied from the stomach 
in the 10-minute period was then calculated using the 
following formulas: 








4) V, = 400 — Vr and 
E SA, SAw 
(2) Ve Vea T Vega’ 


in which Vz represents the volume of the original instillate 
emptied from the stomach in 10 minutes, 400 ml. is the 
volume originally instilled, Vr is the volume of the 
‘original instillate remaining in the stomach at 10 minutes, 
' Vais the volume of the gastric aspirate, Vw is the volume 
of the gastric wash, and SA, SA4, SAw are the specific 
' activities of the instillate, gastric aspirate, and gastric 
wash, respectively. 

A third set of control experiments, performed five times 
in each dog, was done in an identical fashion to the 
above, except that a 400-ml. instillate of 500 mM 
glucose with 0.00035% PEG was used instead of the 
saline instillate. 

_ In the last set of control experiments, gastric emptying 
of 40 solid. plastic spheres was assessed five times in 
each dog. The spheres were made of polypropylene 
(Orange Products, N.J.) and were 7.14 mm. in diameter. 
They were made radiopaque by imbedding two small 
lead pellets in their center; this also increased their spe- 
cific gravity to approximately 1.02. The spheres were 
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placed in the dog’s stomach via an oral-gastric tube, and 
the tube was removed. The number of spheres emptied 
from the dog’s stomach was determined fluoroscopically 
every 30 minutes with the dogs in their normal prone 
(lying) position until all spheres had emptied or 8 hours 
had passed. The pattern of gastric motor activity was also 
noted. A similar technic has been used in this laboratory 
in the past.*4 

The dogs were operated on while under anesthesia 
with pentobarbital given intravenously, and a proximal 
gastric vagotomy was performed (Fig. 1). All structures 
between the anterior nerve of Latarjet and the lesser 
curvature of the stomach from the esophagogastric junc- 
tion to the point of passage of the nerve onto the gastric 
antrum were then ligated and divided as close to the 
stomach as possible (Fig. 1 A).?° Through an opening 
in the greater omentum, a similar procedure was done on 
the posterior side of the stomach, preserving the pos- 
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Fic. 1. Proximal gastric vagotomy and sites of attachment of gas- 
tric electrodes. A, Vagal denervation of anterior proxima] stomach 
(dotted lines), with preservation of anterior nerve of Latarjet (a), 
and hepatic branch (h) of anterior vagal trunk. B, Vagal denerva- 
tion of posterior proximal stomach (dotted line), with gate 
tion of posterior nerve of Latarjet (p), and celiac branch (c) of 
posterior vagal trunk. C, Completed dissection (dotted lines), 
with esophagus bared to circular muscle for 2 cm. above esophago- 
gastric junction. Esophagus is only remaining structure passing 
to stomach along its lesser curvature between angle of His and 
points of passage of nerves of Latarjet onto gastric antrum. Three 
dots indicate positions of gastric electrodes (Æ). 
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terior nerve of Latarjet (Fig. 1 B). The distal esophagus 
was then mobilized, and all tissue external to the circular 
muscle layer was divided for a distance of 2 cm. above 
the esophagogastric junction. This step ensured division 
of any additional vagal fibers coursing along the esopha- 
gus from the proximal vagal trunks to the stomach. At 
this point, the bared esophagus was the only structure 
passing to the stomach along the lesser curvature be- 
tween the angle of His and the points of passage of the 
anterior and posterior nerves of Latarjet onto the gastric 
antrum (Fig. 1 C). 

Monopolar silver wire electrodes were then implanted 
on the gastric wall. The electrodes were used primarily 
to enable us to verify whether vagal innervation of the 
antrum was intact or disrupted after recovery from the 
operations. When vagal innervation of the antrum is 
intact, action potentials appear in the antral electric 
tracings within 15 to 25 minutes after insulin is given 
intravenously.?? 

Each electrode was 1 mm in diameter and projected 
1% to 2 mm. from a dental acrylic ‘Acrolite) disk. The 
shafts of the electrodes were insulated with vinyl paint, 
but the tips were exposed and AgCl was deposited 
electrolytically on them. Each electrode was soldered to 
a Teflon-insulated copper lead 12 inches long, and the 
soldered junction was encased within and insulated by 
the acrylic disk. Epoxy resin was used to seal the points 
at which electrode and wire penetrated the disk sur- 
face. Two holes and one notch were made in the disk to 
facilitate fixation to the gastric wall. The insulated 
lead from each disk was connected to a pin of a radio- 
tube socket mounted with epoxy resin and dental acrylic 
in a stainless steel cannula. 

Three electrodes were sutured to the anterior serosal 
surface of the stomach 2 cm. from the greater curvature 
. at positions 8, 4, and 2 cm. from the pylorus. The metal 
cannula to which the copper leads were attached was 
positioned in and sutured to the left anterior abdominal 
wall in the midclavicular line. 

The dogs were allowed 1 month to recover from the 
operation, after which experiments identical to those 
done before vagotomy were repeated during the second 
postoperative month. In addition, on separate days, gas- 
tric electric activity was recorded in each dog for 10 
minutes before and 45 minutes after the intravenous 
injection of 1.5 units/Kg. of regular insulin. 

The dogs were then operated upon a second time, and 
the gastric antrum was vagally denervated (Fig. 2 A). 
All structures passing to the stomach along the lesser 
curvature from the esophagogastric junction to 1 cm. 
beyond the gastroduodenal junction, including the nerves 
of Latarjet, were ligated and divided as close to the gastric 
wall as possible. The duodenum was then circumscribed 
down to, but not through, the longitudinal muscle at a 
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level 1 cm. aborad to the gastroduodenal junction. ‘The 
greater omentum was also ligated and divided along a 
line about 1 cm. from the greater curvature from the 
duodenum to the approximate junction of gastric antrum 
and corpus. This operation, coupled with the first 
operation (proximal gastric vagotomy), effected a com- 
plete gastric vagotomy. 

The dogs were allowed 1 month to recover from the 
complete gastric vagotomy, after which experiments 
identical to those performed after proximal gastric 
vagotomy were repeated. 

The dogs were then operated upon a third time, and 
a transthoracic truncal vagotomy was performed at a 
level about 5 cm. above the diaphragm (Fig. 2 B). After 
a l-month recovery, identical tests to those done Beton 
vagotomy were repeated. 

The dogs were then sacrificed, and autopsies were 
performed. 


Results 


The dogs tolerated all three operations and the electric 
apparatus well, They remained healthy throughout the 
experiment. 
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Fic, 2. A, Vagal dene=vation of gastric antrum. Dotted lines along | 
greater and lesser curvatures indicate transection and those 
around duodenum 1 cm. beyond gastroduodenal junction indicate 
incision down to but not through longitudinal muscle. Anterior 
and posterior nerves of Latarjet are schematically represented by 
one nerve. This procedure, together with proximal gastric vagot-- 
omy (Fig. 1), effected a complete gastric vagotomy. B,„ Truncal 
vagotomy. One-centimeter segments of vagal trunks were excised 
about 5 cm. above diaphragm, and both cut ends tied. 
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Before Vagotomy. Gastric Transmural Pressure. 
Gastric transmural pressure was successfully measured 
in four of the five dogs. Dog E would not tolerate the 
oral-gastric tube and intragastric bag long enough for 
satisfactory measurements to be made. 

Gastric transmural pressure increased slowly and grad- 
ually with gastric distention. The mean pressure in- 
creased from 5.0 to 14.0 cm. H:O as the intragastric bag 


‘was distended from 50 to 800 ml. (Fig. 3). The overall 


mean slope of the regression of pressure on volume was 
1.2 cm. H20/100 ml. 

Gastric Emptying. Gastric emptying of liquids was 
also successfully measured in only four of the five 
dogs. Again, dog E would not tolerate the instillations. 

The dogs emptied a mean of 121 ml. of the saline 
instillate and a mean of 26 ml. of the glucose instillate 
from the stomach in 10 minutes. The rate of emptying 
of glucose was significantly slower than that of saline 
(Table 1, p < 0.01). 

The overall pattern of the gastric movement of spheres 
in dogs before vagotomy was one of retention of 
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Fic. 3. Gastric transmural pressure increased more with distention 
of intragastric bag after proximal gastric (PGV), complete gas- 
tric (CGV), and eal vagotomy (TV) than it did before 
vagotomy. For each dog, each point represents mean of four ex- 
periments. For grand means, each point represents mean of 16 
experiments. 
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TABLE 1. Effect of Proximal Gastric (PGV), Complete Gastric (CGV), 
and Truncal Vagotomy (TV) on Gastric Emptying of Liquids 





Mean ml. emptied in 10 minutes* 


NaCl, 154 mM Glucose, 500 mM 
After After 
Before —M————_-————- Before ——-—-----—---—_ 
Dog vagotomy PGV CGV TV ane PGV CGV TV 
A 175 200 207 159 9 102 139 83 
B 50 199 266 230 21 79 211 131 
C 151 195 224 174 14 87 159 125 
D 139 207 155 92 61 138 92 58 
Grand 
mean 121 200 213 164 26 102 150 99 


* Each value ior individual dog is mean of five experiments. Grand 
means are means of 20 experiments. SE was less than 30 for all 
values except MaCl of dog C after PGV, when it was 37. For sig- 
nificance, see text. 
spheres in tke antrum, with continuous vigorous mixing 
and grinding interspersed between periodic bursts of 
emptying. 

The spheres passed through the oral-gastric tube 
directly intc the fundus and proximal corpus of the 
stomach, They were then promptly moved into the distal 
corpus and entrum where they were continuously mixed 
and ground by peristalsis and the terminal antral con- 
traction. An advancing peristaltic wave propelled the 
spheres up against the gastroduodenal junction. The 
spheres wer2 then squeezed by the forceful terminal 
antral contraction, until, unable to pass into the duo- 
denum, they suddenly shot back into the more proximal 
antrum and distal corpus. This propulsion, squeezing, 
and retropubsion occurred over and over, thoroughly trit- 
urating the spheres. 

At certain times, as a peristaltic wave approached 
the terminal antrum, bunches of spheres would be moved 
rapidly from the terminal antrum through the gastro- 
duodenal junction into the duodenum. Sometimes, all 
40 spheres would be emptied within a 30-minute period. 
However, the overall mean time from insertion to com- 
pletion of gastric emptying was 2.2 hours (Fig. 4). 

After Proximal Gastric Vagotomy. Electric Activity. 
Electric recordings were satisfactory in four of the five 
dogs. The 2lectrodes in dog D “shorted out” in the 
early postoperative period. 

A cyclic variation in potential, the gastric pacesetter 
potential, was consistently detected in the gastric wall 
1 month after proximal gastric vagotomy. The cycles 
were always present and generally appeared in a regular 
rhythm at < frequency of about five cycles per minute 
(Fig. 5). The frequency was usually identica] at all 
recording sites. However, the duration of the cycles 
sometimess varied from one cycle to another (Fig. 5 
upper left and lower right), an occurrence that is un- 
common in dogs with normal stomachs.”* Also, in two 
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of the four dogs, episodes of completely disorganized 
gastric electric activity were found occasionally during 
fasting (Fig. 6), a phenomenon also rare in normal 
dogs, but more common in dogs after truncal vagot- 
omy.?? 

Action potentials, the electric activity associated with 
contractions,” occurred intermittently with the cycles 
of the pacesetter potential before the injection of insulin 
(Fig. 5). But, insulin stimulated the appearance of ac- 
tion potentials with every cycle of the antral pacesetter 
potential within 20 minutes of its administration in every 
test in every dog (Fig. 5). Thus, vagal innervation of the 
antral musculature was intact.?* 

Gastric Transmural Pressure. After proximal gastric 
vagotomy, gastric transmural pressure increased more 
rapidly with distention than it did before vagotomy. 
The pressure increased from a mean of 7 cm. H:O to a 
mean of 23 cm. H20 as the intragastric bag was distended 
from 50 to 800 ml. (Fig. 3). The overall mean slope of 
the regression of pressure on volume was 1.9 cm. H2O/ 
100 ml. This slope was greater than that found before 
vagotomy (p < 0.01). In all dogs but dog D, individual 
mean slopes were also greater after proximal gastric 
vagotomy than before (p < 0.01), However, even in dog 
D, when the intragastric bag contained 700 and 800 ml., 
the pressure was greater after proximal gastric vagot- 
omy than it was before vagotomy. 

Gastric Emptying. Proximal gastric vagotomy speeded 
gastric emptying of liquids (both saline and glucose 
instillates) compared to'before vagotomy (Table 1, p < 
0.01). But, glucose still emptied more slowly than saline 
in all four dogs after proximal gastric vagotomy (p < 
0.01). 

In contrast to the speeding of emptying of liquids 
after proximal gastric vagotomy, there was no significant 
change in the rate of emptying of spheres compared to 
before vagotomy. Also, the pattern of movement of 
spheres noted fluoroscopically was unaltered. The over- 
all mean emptying time of 1.5 hours did not differ signifi- 
eantly from the 2.2 hours found before vagotomy. 

After Complete Gastric Vagotomy. Electric Activity. 
After complete gastric vagotomy, the pattern of fasting, 
gastric, electric activity was similar to that found after 
proximal gastric vagotomy. However, insulin no longer 
triggered the onset of action potentials in any of the four 
dogs tested after complete gastric vagotomy (Fig. 5). 
Thus, vagal innervation of the antrum was no longer 
intact.” 

Gastric Transmural Pressure. After complete gastric 
vagotomy, gastric transmural pressure increased from a 
mean of 7 cm. H20 to a mean of 24 cm. H:O as the intra- 
gastric bag was distended from 50 to 800 ml. (Fig. 3). 
The overall mean slope of the regression of pressure 
on volume was 2.4 cm. H2,0/100 ml. This slope was 
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Fic. 4, Mean hours required to empty 40 radiopaque solid spheres 

from stomach were not significantly altered after proximal gastric 
vagotomy (PGY), but were greatly lengthened by ee gas- 
tric (CGV) and truncal vagotomy (TV). For individual dogs, 
each point is mean of five experiments. For grand means, each 
point is mean of 25 experiments. Standard error indicated by bars. 


greater than that obtained before vagotomy, (p < 0. 01) 
but was not different from that found after proximal 
gastric vagotomy. In all four dogs, the individual mean 
slopes were greater than before vagotomy (p< 0.01). 
In dog D alone, there was an increase in slope between 
proximal gas:ric vagotomy and complete gastric vagot- 
omy. 

Gastric Emptying. After complete gastric vagotomy, 
liquids (both saline and glucose) continued to empty 
faster than before vagotomy (p < 0.05 and 0.01, re- 
spectively), but neither instillate emptied faster than it 
did after proximal gastric vagotomy, Glucose, still érfiptied 






slower than saline after complete gasttic ` vago c 


(p < 0.01). 


In contrasż to proximal gastric vagotomy, complete ‘ 
gastric vagotomy markedly slowed the rate of emptying) -i 
of spheres compared to before vagotomy (Fig. 4): After „> 


the spheres were inserted into the stomach, they were `- 


promptly moved into the distal corpus and antrum, 


just as they were before vagotomy and after proximal i 


gastric vagotomy. But the peristaltic waves; ‘though 


present, were weak and often faded out in the antrum - 


after complete gastric vagotomy, never reaching” the 


pylorus. In addition, the terminal antral contraction was |. 
also weak and ineffective with little propulsion or retro- 


pulsion of spheres taking place. 


The overall mean time from insertion to nnie 


emptying of spheres was greater than 8 hours in the dogs 


after complete gastric vagotomy, compared to 2.2 and | 


1.5 hours ncted before vagotomy and after proximal 
gastric vagotomy, respectively (Fig. 4, p < 0.01). In 
only 2 of 25 experiments did the dogs empty al] spheres 
in 8 hours or less after complete gastric vagotomy. On 


some occasions, the spheres remained in the stomach for | 


as long as 3 days, 


300 


After Truncal Vagotomy. Gastric Transmural Pres- 
sure, Gastric transmural pressure increased from a 
mean of 5 cm. H2O to a mean of 22 cm. H2O as the 
stomach was distended from 50 ml. to 800 ml. (Fig. 3). 
The overall mean slope of the regression of pressure on 
volume was 2.1 cm. H20/100 ml. and was greater than 
that found before vagotomy (p < 0.01) but was not 
different from that after proximal gastric vagotomy or 
complete gastric vagotomy. In all four dogs, individual 
mean slopes were greater than before vagotomy (p 
0.01). In no dog was there a change in slope between 
complete gastric vagotomy and thoracic truncal vagot- 
omy. 

Gastric Emptying. After truncal vagotomy, liquids 
(both saline and glucose) emptied more slowly than 
they did after complete gastric vagotomy (Table 1, 
p < 0.01), so that the rate of emptying of saline no 
longer differed from that before vagotomy, although 
glucose still emptied faster than it did before vagotomy 
(p < 0.01). Glucose continued to empty more slowly 
than saline after truncal vagotomy (p < 0.01). 

The rate of emptying of spheres was just as slow after 
truncal vagotomy as it was after complete gastric 
vagotomy. The sluggish motor activity noted fluoro- 
scopically after complete gastric vagotomy was also 
found after truncal vagotomy. In all experiments, the 
dogs required 8 hours or more to empty the spheres 


. from their stomachs (Fig. 4). The spheres often re- 
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‘mained in the stomach for several days. 


Postmortem Findings. At autopsy, minimal deposition 
of fibrous tissue was present around the electrodes, but 


‘no adhesions were found between the stomach and 


other abdominal organs, There was no evidence of 
mechanical obstruction of the stomach, the gastro- 
duodenal junction, or the small or large bowel. A metal 
probe, diameter 1.5 cm., could be passed across the 
gastroduodenal junction without difficulty. The gastric 
and duodenal mucosa appeared normal, with no evi- 
dence of ulceration or inflammation. Postresection scar- 
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Fic. 5. Injection of insulin intravenously stimulates appearance of 
action potentials (connected arrows) with each cycle of pacesetter 


epotential after proximal gastric vagotomy, but not after complete 


gastric vagotomy. All recordings from electrode Es. 
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Fic. 6. Episode of disorganized gastric electric activity occurring 
1 month after proximal gastric vagotomy in dog E. Frequency of 
gastric pacesetter potential is different at all three recording sites 
and increases to 18 cycles/min for brief periods at Es. E, electrode. 


ring prevented identification of structures along the lesser 
curvature, but the vagal trunks along the thoracic 
esophagus could be found, and all had been ligated 
and severed. One dog (dog D) had an extremely dis- 
tended gallbladder, but no obstruction could be found 
in the cystic or common ducts, and no gallstones were 
present. 


Discussion 


Our experiment shows that proximal gastric vagotomy 
preserves gastric motility and emptying betier than 
complete gastric or truncal vagotomy. However, proximal 
gastric vagotomy does not leave gastric motility un- 
altered. 

The fundus and proximal corpus of the stomach act 
as a reservoir, relaxing to receive and store ingested 
food.® As a result of this accommodation by the proximal 
stomach, gastric transmural pressure increases very little 
with increasing gastric distention.*® 

The vagal nerves have an important role in the ac- 
commodation of the stomach to distention. Others have 
found that greater increases in intragastric pressure oc- 
curred with gastric distention when the vagal nerves 
were transected,27:3232 and that electric stimulation of the 
distal cut ends of the vagal trunks could relax a dis- 
tended stomach.?® Our experiment supports these find- 
ings. Furthermore, our data show that it is the proximal 
gastric vagal fibers that mediate this response. 

Humphrey and Wilkinson? have reported that early 
satiety and a sensation of epigastric fullness occur in 
patients after proximal gastric vagotomy. These symp- 
toms are consistent with the failure of relaxation and 
accommodation to ingesta by the fundus and corpus. 

We found that gastric emptying of isotonic saline and 
hypertonic glucose was consistently speeded after proxi- 
mal gastric vagotomy, Clarke and Williams® also found 
that hypertonic glucose emptied faster after proximal 
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gastric vagotomy than before vagotomy, but Humphrey 
and Wilkinson! did not. The explanation for the dis- 
crepancy between our findings and those of Humphrey 
and Wilkinson is unclear. Perhaps because Humphrey 
and Wilkinson did not compare gastric emptying in the 
same subjects before and after proximal gastric vagot- 
omy, they were unable to detect a change. 

Gästric emptying of liquids occurs when the intra- 
luminal pressure in the stomach exceeds that in the 
diiodenum and the pylorus is open.?* Greater pressures 
in the stomach have been correlated with faster gastric 
emptying. Thus, the increased gastric pressure caused 
by the failure of the stomach to accommodate to disten- 
tion after proximal gastric vagotomy found in these 
experiments is responsible for the speeding of gastric 
emptying of liquids that we noted after the operation. 

The impaired ability of the stomach to secrete HCl 
after proximal gastric vagotomy may have contributed 
to the increased speed of gastric emptying that we 
found after the operation. Hunt and Knox'* have shown 
that acids slow gastric emptying. Thus, if less acid was 
secreted in response to the instillates after proximal 
gastric vagotomy, gastric emptying would be faster. 


‘However, the amount of acid secreted in response to the 


instillates used in these experiments was most likely 
very small. Furthermore, any speeding of gastric empty- 
ing brought about by a decreased secretion of HCI would 
be antagonized by the concurrent augmented release of 
gastrin also accompanying a more alkaline gastric pH.1%"” 
Gastrin slows gastric emptying of liquids. Further ex- 
periments are needed, but it seems unlikely that de- 
creased secretion of acid by the stomach after proximal 
gastric vagotomy explains the marked speeding in gastric 
emptying of liquids that we found. 

The rapid gastric emptying of liquids brought about 
by proximal gastric vagotomy persisted after complete 
gastric vagotomy. However, after truncal vagotomy, 
emptying of both saline and glucose solutions was slower 
than it was after complete gastric vagotomy. Transec- 
tion of the extragastric abdominal vagi may result in 
the increased release of an extragastric hormone that 
slows gastric emptying, such as gastrin, 2° secretin, or 
cholecystokinin, But, the exact mechanism of the slow- 
ing when the extragastric vagi are cut is unknown. 

We found that hyperosmolar glucose emptied more 
slowly than isotonic saline after each of the three vagot- 
omies. Thus, the mechanism by which the duodenal 
osmoreceptors slow gastric emptying is not solely de- 
pendent on vagal pathways. 

In contrast to the proximal stomach, which stores 
ingesta and regulates the gastric emptying of liquids, the 
distal stomach regulates the gastric emptying of solids. 
The terminal antral contraction rhythmically and force- 
fully propels and retropels solids, mixing and grinding 
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them, and breaking them apart.” Solids are retained in 
thie stomach by the terminal antral contraction until 
they are reduced to a size small enough for discharge 
into the duodenum. The antrum, thus, regulates the 
gastric emptying of solids.’ 

The pace of gastric peristalsis and of terminal antral 
contractions is set by a gastric pacemaker located in the 
orad corpus along the greater curve.** The pacemaker 
regularly generates gastric pacesetter potentials which 
sweep aborad in the gastric wall and phase the onset of 
peristaltic and terminal antral contractions.’ Vagal de- 
nervation of the pacemaker by proximal gastric vagotomy 
disturbed its regularity slightly during fasting and oc- 
cassionally allowed multiple, ectopic, rapid pacemakers 
to appear in the distal stomach. These disturbances, 
however, were not great enough to alter gastric motor 
responses to solid spheres. 

Proximal gastric vagotomy, by preserving antral vagal 
innervation, preserved the terminal antral contraction, 
so that the pattern of gastric emptying of spheres 
was unchanged after the operation. Others have also 
observed that antral contractions are not greatly altered 
by proximal gastric vagotomy,*?*! and that gastric empty- 
ing of food mixed with contrast media is normal, 1213426 _ 
In contrast, when the antrum was denervated by com- 
plete gastric or truncal vagotomy in our experiments, 
the terminal antral contraction was greatly impaired, 
resulting in a marked slowing of gastric ae: of. 
spheres. 


Summary 


Proximal gastric vagotomy disturbed canine gastric 
motility and emptying less than did complete gastric 
vagotomy or żruncal vagotomy. Although all three vagot- 
omies increased gastric transmural pressure with gas- 
tric distention and speeded gastric emptying of liquids, 
only proximal gastric vagotomy preserved the terminal 
antral. contraction and did not slow gastric emptying 
of solids. Our experiments identify the key role of the 
vagally irmervated proximal stomach in regulating gas- 
tric emptying of liquids by controlling gastric transmural 
pressure and the key role of the vagally innervated 
antrum in regulating gastric emptying of solids by con- 
trolling the termina] antral contraction. 
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These studies, confirm by elegant methodology, that preser- 
vation of the vagal nerves to the antrum allow normal or near 
normal function of the antrum and pylorus. | 

Following proximal gastric vagotomy, cinefluorography in our 
own patients demonstrates this continued antral function dra- 
matically. | 

The authors have given us more information. They have differ- 
entiated between the regulation of gastric emptying of liquids 
by the vagally innervated proximal stomach by a transmural 
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pressure system and the emptying of solids by the vagally inner- 
vated antrum. 

A major cause for concern with the operation of proximal 
gastric vagotomy is the unknown recurrent ulcer rate. 

Is there a danger of vagal re-innervation of a proximal stomach 
by the nerves of Latarjet left intact to the antrum? 

There is no answer to this question. However, Wilbur and 
Kelly have given to us new and important research tools which 
may help to answer this tantalizing question. 

Finally, have the authors repeated the gastric transmural pres- 
sure recordings at longer intervals than 1 month after proximal 
gastric vagotomy? Longer observation may clarify certain of 
these important issues. 


Dr. Epwarp Roy Woopwarp (Gainesville): I had the pleasure 
of reading the complete manuscript and this is certainly a beau- 
tiful demonstration of the role of the vagus in the emptying 
function of the stomach. 

We have been intrigued by the potentialities for the operation 
of proximal gastric vagotomy for duodenal ulcer and our early 
results in 15 cases are good. The basal acid output was sharply 
reduced in nearly all instances and we have been interested in 
that the stimulated secretion falls very little or none. 

Our laboratory evaluation of this procedure has proceeded 
along somewhat different lines. In the dog we have used a meal 
of 500 Gm. of blenderized horsemeat introduced into the stomach. 
We observed that in the control animal the pH in the fasting 
stomach is 2.4 and the serum gastrin 23 picograms per ml. 

There is a definite rise in the serum gastrin with this relatively 
large meal. We were surprised to find how long it took the normal 
dog’s stomach to empty this semi-solid meal, 7 hours and 15 
minutes with a standard error of 1 hour. 

After proximal gastric vagotomy, the resting pH in the stomach 
was essentially the same. However, the serum gastrin level was 
nearly three times that in the control animal. Even more striking 
was the very sharp increase in the serum gastrin which followed 
the introduction of the semi-solid meat meal. The emptying 
time was essentially the same. Statistically, these figures are not 
different so that the emptying of the semi-solid meal was not 
affected by proximal gastric vagotomy. 


Dr. James CnarLes THompson (Galveston): There are several 
things brought out by this fine paper. One of them challenges 
an idea that I, at least, have held, that the duodenum functions 
as an osmoregulator. Many of our classic ideas about the dumping 
syndrome have stipulated that anything that either bypasses or 
destroys the function of the pylorus will lead to dumping because 
it will allow the rapid’ passage of hyperosmolar material into 
the upper small bowel. These studies are the first I know of to 
ae, address that question and to come to the opposite 

nding. 

Secondly, this study provides us with further information 
on some fascinating bits of knowledge that we are beginning to 
gather about the effects of various acid-reducing procedures on 
serum gastrin levels. 

Clinically, all reports of operations of vagotomy and emptying 
procedures in which gastrin measurements have been done show 
that there is a great postoperative increase in fasting gastrin levels. 
This has been, I think, usually ascribed to 2 dimunition in the acid 
inhibition, the acid feedback mechanism. 
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Drs. Wilbur and Kelly show us that in this operation al, least 
there is another facet to be considered. There is a significant in- 
crease in antral pressure which probably would lead to some dis- 
tention of the antrum and perhaps further release of gastrin, The 
coincidence cf the two, that is the relatively high pH due to vagal 
denervation of the parietal cell mass and the increased pressure, 
would perhaps together be synergistically responsible for the 
rather high, sometimes doubled, gastrin levels and we and others 
have found postoperatively in patients with vagotomy and pyloro- 


plasty. 


Conversely, our results are somewhat different from those re- 


ported by Dr. Woodward in that we do not get stimulated levels 
of acid secretion. 

Lastly, I think, as far as our remarks, this brings us to the 
question of when we do the operation of poe gastric vagot- 
omy, should we include an emptying procedure? 


When Fritz Hölle'in Munich first began his study of this opera» ` ` 
tion, in a few patients he did no antrum procedure and then “ 
because of high acid levels and a few recurrences, he adopted’. 


pyloroplasty. l 
As you all know, Dr. Andrup in Copenhagen and Dr. Jobnston 


and Dr. Golligher in England have reported now a rather large 


series in which their results seem to be quite good in patients iri | 
whom a proximal gastric vagotomy without emptying procedure “` 


had been performed. 

I would agree with Lloyd Nyhus in that I think we have to 
wait awhile before we are sure this is going to be a safe opera- 
tion. It would seem to me that now, control trials should be 
directed as to whether or not a gastric emptying procedure should 
be included with parietal cell or proximal gastric vagotomy, which, 
I suspect, will be the operation of the future (with or without an 
emptying procedure). 


Dr. Kerra A. Kerry (Closing): Dr. Nyhus, we have not stud- 
ied the animals longer than the period indicated in our report, but 
it would be valuable to know if there is any return of vagal func- 


tion in the proximal stomach after months or years. es 


a 


Dr. Woodward, the semi-solid meals that you are using must. : 
be handled in a similar manner to the solid spheres that we-have ~ . 
used, since you did not show any increase in their speed .of.eripty- ~ 
ing. Perhaps if you had given your dogs or your patients liquids, ~ ` 


you would have found gastric emptying faster. 


Dr. Thompson, I do not know whether the increases in trans- - i 


mural pressure that we have shown after proximal gastric ‘va-, 


gotomy would result in an increased release of antral gastrin. The 
increases in pressure are not large, but perhaps they aie great 
enough to augment the output of gastrin. eee 
Our data would support the fact that a procedure designed’ to 
increase the speed of gastric emptying is not required with proxi- 


mal gastric vagotomy. If anything, we have shown that’ proximal 


gastric vagotomy speeds rather than slows gastric emptying. - 


The concept emerging from these experiments is that the proxi-- +’ 
mal and distal parts of the stomach each have separate functions. .’-. 


The proximal stomach accommodates ingesta, relaxes, and keeps 


transmural pressure low. The distal stomach grinds and mixes. 
The vagus kas an important regulatory role in both the proxi- 
mal and distal stomach. When we operate for duodenal ulcer, it 


is important ta divide as few vagal nerves as is consistent with `^: 


the treatment cf the disease. 


Measurement of Endogenous Release of Cholecystokinin 


by Radioimmunoassay 


DAVID D. REEDER, M.D., HORST D. BECKER, M.D., NANCY J. SMITH, B.S., 


T HE HORMONE CHOLECYSTOKININ is the principal stim- 
ulus for contraction of the gallbladder and for secre- 
tion of enzymes and protein by the pancreas. Cholecysto- 
kinin activity was discovered in extracts of small bowel 
mucosa by Ivy and Oldberg?? in 1928, and the effects on 
pancreatic secretion were observed by Harper and Raper? 
in 1943. These: two independent discoveries led to the 
concept of two separate hormones, which were desig- 
“nated respectively as cholecystokinin and pancreozy- 

min. It is now agreed that the two are one, and the 
hormone has been isolated and purified and its amino 

acid composition has been determined.1**5 Since the 

cholecystokinin activity of the hormone was the earlier 
_ discovery, Grossman? has proposed the term cholecysto- 
e Kinin (CCK) for all actions of this hormone. 

Studies on the release, action and degradation of CCK 
_. have been hampered by lack of a sensitive and precise 
method for its measurement. Since CCK is structurally 
similar to gastrin (the C-terminal 5 amino acid residues 
are identical), the two hormones share several actions. 
Furthermore, secretin, another hormone present in small 
bowel mucosa, may be released at the same time as 
CCK and their actions may: overlap. Specific methods 
for measurement of each of these hormones are needed 
to unravel their inter-relationships. 

‘In the present work, we describe the development of 
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a specific radioimmunoassay for measurement of circulat- 
ing serum levels of CCK in man and levels of CCK in 
serum and small bowel mucosa in dogs. No cross re- 
activity with either gastrin or secretin has been demon- 
strated in the assay. We have measured the effect of the 
release of endogenous CCK on circulating serum con- 
centrations of CCK in man and in dogs. 


Materials and Methods 


Technic of Radioimmunoassay of Cholecystokinin 


(CCK) 


Antibodies to purified CCK were prepared by immu- 
nizing 11 rabbits. The immunogen used was porcine CCK 
obtained from Professors E. Jorpes and V. Mutt ( Karo- 
linska Institutet, Stockholm) which had a potency of 
250 Ivy dog units per milligram (250 IDU/mg.), Im- 
munogen (75 IDU) was dissolved in 1 ml. normal saline, 
emulsified in 1 ml. Freund’s complete adjuvant, and 
injected subcutaneously into each rabbit at approxi- 
mately 2-month intervals. Two weeks after the eighth 
injection, specific anti-CCK activity was found in the 
serum of one of the 11 rabbits. 

Purified CCK (Jorpes), with a potency of 500 IDU/ 
mg., was iodinated to specific activities of 200-250 uC/ 
ug with 13I using the chloramine T method of Green- 
wood and Hunter.® Iodination was performed with 2 mC 
of carrier free 1I and 5 pg of hormone at pH 6.0. The 
reaction time was 20 seconds. Iodinated CCK was , 
separated from free iodide components by chromatog- 
raphy using Sephadex G-25 and was eluted with 1 M 
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was diluted (with 0.1 M potassium phosphate buffer 
[pH 7.5] containing 2% normal rabbit serum) to pro- 
' vide 12,000 cpm/100 pl, which was the amount of radio- 
activity added to each tube in the assay. The labeled 
hormone is used in the assay system within 24 hours. 

The radioimmunoassay system utilizes the double- 
antibody technic of Odell, Rayford and Ross.!? The 
reference standard used is purified porcine CCK (Jorpes ) 
with a potency of 500 IDU/mg. (17% pure). A correc- 
tion is made in all calculations to reflect 100% purity. 
Unknown serum specimens were assayed at a 1:3.3 dilu- 
tion, i.e., 300 ul of the specimen are included in the final 
incubation mixture of 1.0 ml. The final dilution of the 
antiserum to CCK is 1:1000. The incubation mixture 
is allowed to react at 4° C for 6 hours before goat 
antirabbit serum is added. The mixture is incubated 
for 12 hours before it is centrifuged. All samples are 
assayed in duplicate. A standard dose-response curve 
(from 0.65 to 12.8 nanograms of CCK) is constructed 
for each assay (Fig. 1). Since final serum dilutions in 
our assay are 1:3.3, the range of sensitivity is from 1.95 
to 48.4 nanograms per ml. (ng/ml.) of serum. Serum 
samples containing more than 48.4 ng/ml. are reas- 
sayed after dilution with 0.5 M phosphate buffer. 

Several analogues of CCK” in dosages ranging from 
1 to 10° ng were tested in the radioimmunoassay system 
to determine their ability to displace iodinated CCK 
from combination with CCK antibody. The following 
analogues were tested: the toxic decapeptide, caeru- 
lein; the synthetic C-terminal octapeptide of CCK; 
pentagastrin; synthetic human gastrin I; purified por- 
cine secretin (Jorpes). No significant displacement 
was observed in these dose ranges, indicating the specific- 
ity of the CCK antibody for the CCK molecule. 

Postprandial human and canine serum samples were 
added to the assay system in amounts between 40 and 
300 ul, Logarithmic plots of the dose response curves are 
shown in Figure 1, Analysis of these data by use of a 
computer program? indicates that these dose re- 
sponse curves for serum are parallel to the reference 
curve for CCK. 

The reproducibility of the assay was determined by 
repeatedly measuring the CCK concentration in 
samples of the same serum in a single assay, and also by 
determining variations in measurement of CCK con- 
centrations in identical samples measured in several 
assays. The CCK concentration in a pool of serum 
from three healthy men was measured 15 times in one 
assay; the mean measured CCK concentration (+SD) 
was 4.29 + 0.14 ng/ml. Aliquots of a separate pool of 
>. serum from different individuals were measured on 
five separate assays with a resultant mean concentra- 
tion of 7.2 + 1.5 ng/ml. 


ENDOGENOUS RELEASE OF CHOLECYSTOKININ 


| || 


In five subjects we tested the effect of intravenous in- 
jection of purified porcine CCK (0.5 IDU/Kg.) on the 
measured serum concentrations of CCK. In four different 
subjects, we measured the effect of a fatty meal on serum 
CCK concentrations over a 2% hour period. Serum levels 
of CCK are expressed as mean values with the cor- 
responding standard error; values are given in ng/ml. 
Basal values are given as the average of two pre-test 
samples. 


— 





Studies in Dogs 


Effect of Application of Acid to the Jejunum: Five 
dogs were prepared with gastric fistulas and Thiery- 
Vella loops of the first 50 cm of jejunum. After a 3-week 
recovery period, a second laparotomy was performed 
and a polyvinyl catheter was placed into the portal 
vein via a branch of the splenic vein. Awake dogs were 
studied in Pavlov stands on the third day after place- 
ment of the portal vein catheter. During perfusion of the 
jejunum with either 0.1 N HCl, 0.9% NaCl or 0.2 
N HCl, portal venous serum samples and gastric secre- 
tions were collected. Serum concentrations of CCK 
were measured by radioimmunoassay for CCK, and 
serum gastrin was measured by a radioimmunoassay for ` 
gastrin developed in our laboratory.'* Output of gastric 
acid is expressed as milliequivalents per 15. minutes . 
(mEqg/15 min.) and was determined by titrating a 1-ml. 
sample of gastric juice with 0.1 N NaOH ( eae red 
was used as an indicator). 

Effect of Intraduodenal Infusion of Amino Acids: Foui 
dogs were prepared with pancreatic fistulas as described 
by Herrera and associates,” and also with gastric fistulas. . 
The lateral limb of the pancreatic cannula was placed > 
into a small pouch of duodenum containing the opening _ 
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Fic. 1. Radioimmunoassay dose response curves for purified 
porcine CCK and for human and dog serum. Note separatee 
abscissa scale for serum. 
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of the major pancreatic duct, allowing collection of pure 
pancreatic juice. The main limb of the cannula was 
placed into the duodenum 15 cm. distal to the pylorus. 
The cannula is constructed to allow collection of pure 
pancreatic juice during instillation of test substances 
into the duodenum via a hollow obturator. Studies 
were performed 3 weeks after operation with the dogs 
in the fasting state. During instillation into the duodenum 
of varying doses of a mixture of amino acids, serum 
samples were obtained from a peripheral vein for radio- 
immunoassay of CCK. Pancreatic secretions were col- 
lected continuously and the concentration of protein 
in pancreatic juice was determined with a spectropho- 
-- tometer by measuring absorbance at 280 mp (compared 
` to a standard solution of human serum albumin). Pro- 
tein output, expressed as mg./30 min, was determined 
_ by adding the two highest consecutive 15-min outputs 
= at a given dose of amino acid solution. 

Measurement of Concentrations of CCK in Small 
Intestinal Mucosa: Three fasting mongrel dogs were 
anesthetized with pentobarbital sodium. A laparotomy 
_was performed. and the following segments of small 
bowel were excised: 


1) proximal duodenum—from pylorus to entrance of 
` main pancreatic duct. 
32) . distal duodenum—from entrance of main pancreatic 
duct to the ligament of Treitz. 
3) proximal jejunum—initial 30 cm. distal to liga- 
_ ment of Treitz. 
4) distal jejunum—a 30 cm. segment immediately 
proximal to the junction of the proximal % and 
m distal % of jejuno-ileum. 
~ 5) ileum—a 30 cm. segment taken between 100-300 
em. proximal to the ileocecal valve. 


. ‘Each seğment of bowel was opened along the antimesen- 


' “"terie border. The mucosal surface was rinsed with iced 
- : normal saline and the entire mucosa was removed by 


| z scraping. A small piece of rectus abdominis muscle was 
2 excised to serve as a control tissue. Each tissue was 
“ss weighed separately, diluted with four parts distilled 


<=s water, and heated to 95° C for 20 minutes in a water 
- “bath: After heating, 500 kallikrein inactivator units of 


- aprotinin (Trasylol) was added to each milliliter of 
~ ` supernatant, and the resultant mixture was assayed for 

CCK that day. Concentrations are expressed as nano- 
_ grams of CCK per gram of mucosa (ng/Gm). 

In all studies, results are given as either the individual 
value for each sample or as the mean value with the 
corresponding standard error of the mean. Significance 
of differences between means was evaluated by use of 
„the Student “” test; differences with p values less than 
"0.05 were considered significant. 
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Results 


Studies in Man 


Effect of Exogenous CCK on Serum CCK: Five ` 
healthy volunteer subjects received an injection of puri- 
fied porcine CCK (Jorpes), 0.5 IDU/Kg., over a 2- 
minute period. The mean basal serum concentration of 
CCK (prior to injection) was 17.8 + 1.1 ng/ml. (Fig. 
2). Five minutes after initiation of the injection, the 
level rose significantly to a peak of 33.0 + 2.2 ng/ml. 
and remained elevated at 10 minutes (29.8 + 2.4 ng/ml. 
p < 0.05). By 15 minutes, serum CCK had fallen to 23.7 
+ 1.6 ng/ml. and by 45 minutes to near baseline, 20.8 
+ 15 ng/ml. 

Effect of a Fatty Meal on Serum CCK: The four 
subjects ate a fatty meal consisting of 2 fried eggs, 4 
slices of bacon, 2 pieces of sausage, 2 slices of buttered 
toast and a cup of cream. The mean basal serum CCK 
concentration was 4.8 + 0.3 ng/ml. (Fig. 3). After the 
subjects began eating, there was a gradual rise in 
serum CCK to 8.3 + 1.1 ng/ml. at 30 minutes and toa 
peak of 9.1 + 1.6 ng/ml. at 45 minutes (p < 0.05). By 
105 minutes, the mean serum CCK value had fallen 
to 5.5 + 0.3 ng/ml. At 120 minutes there was a slight 
increase in CCK to 6.3 + 0.5 ng/ml. 


Studies in Dogs 


Effect of Application of Acid to the Jejunum: The 
protocol followed in these studies with five dogs is shown 
schematically in Figure 4. A Foley catheter was in- 
serted into the proximal end of the Thiery—Vella fis- 
tula, and the balloon was inflated gently to prevent 
reflux. The jejunal loop was perfused at the rate of 150 
ml./hr for three 45-minute periods, first with 0.1 N HCl, 
then with 0.9% NaCl, and finally with 0.2 N HCl. The 
mean basal serum CCK value in the portal vein was 
111.9 + 10.2 ng/ml. (Fig. 4). This value rose grad- 
ually during perfusion of the jejunal loop with 0.1 N 
HCl to a peak value of 252.0 + 65.4 ng/ml. after 45 
minutes of perfusion (p < 0.05). Acid output from the 
gastric fistula rose during that period from 1.05 to 3.58 
mEq/15 min, presumably reflecting stimulation of gastric 
secretion by CCK. When the jejunal perfusate was 
changed to 0.9% NaCl, serum CCK values fell but were 
still elevated over basal, and acid output fell in a parallel 
fashion to near basal values. When perfusion of the 
jejunum was begun with 0.2 N HCl, CCK again increased 
gradually to 242.1 + 37.4 ng/ml. after 45 min, and acid 
rose to 3.39 mEq/15 min. The mean basal serum level of 
gastrin in the portal vein was 70 + 9 pg/ml. and there 
was no significant change throughout the studies (Fig. 
4). 

Effect of Intraduodenal Infusion of Amino Acids: The 
protocol for these experiments in four dogs is shown sche- 
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matically in Figure 5. An equimolar mixture of. L- 
tryptophan and L-phenylalanine (100 mM solution ) 
was adjusted with NaOH to pH 7.0, and mannitol was 
added to achieve ari osmolarity of 300 mOsm/L. This 
solution was introduced into the duodenum at rates of 
0.5, 1, 2, 4 and 8 mM per hour. Each dose level was ad- 
ministered for 1: hour. The gastric fistula was open 
throughout the study to prevent acid from entering t the 
duodenum: The mean basal serum level of CCK in the 
four dogs was 18.6 + 3.4 ng/ml. (Fig. 5). During infu- 
sion of the mixture of L-tryptophan and L-phenylala- 
nine at a rate of 0.5 mM/hr, CCK rose significantly to 
35.0 + 5.6 ng/ml. During infusion at rates of 1, 2, 4 and 
8 mM/hr, CCK values were respectively 51.2 + 12.9 
ng/ml., 52.4 + 18.1 ng/ml, 29.6 + 2.6 ng/ml. and 
29.0 + 2.7 ng/ml. Values significantly higher than 
basal are identified by asterisks in the figure. Basal 
pancreatic protein output was 205 = 48 mg./30 min; this 
value rose gradually to a peak of 648 + 55 mg./ 30 min 
during infusion of the amino acid mixture at the rate of 
4 mM /hr. | 

Concentrations of CCK in small intestinal mucosa: 
Levels of CCK in the small intestinal mucosal and 
rectus muscle samples frorn the three dogs are shown ii 
Table 1. CCK values in the upper small bowel were 
approximately double those in the ileum. Values ob- 
tained from the duodenum were similar to those from 
the jejunum, The CCK measured in muscle may repre- 
sent actual sequestration of the hormone or may be due 
to a non-specific interference with antibody binding. 


Discussion 


The studies demonstrate direct measurement of CCK 
release in man after a meal, and in dogs after stimula- 
tion of the proximal small bowel. The radioimmunoassay 
system employed appears to be a suitable metliod for 
measurement of basal and stimulated levels of endog- 
enous cholecystokinin. The amino acid sequerice for 
the CCK molecule has been reported recently: 1% 


Lys-Ala-Pro- -Ser-Gly-Arg-Val- 
Ser-Met-Ile-Lys-Asn-Levi-Gln- 
Ser-Leu-Asp-Pro-Ser-His-Arg- 

Ile-Ser-Asp-Arg-Asp-Tyr-Met- 


SOH 
Gly-Trp-Met-Asp-Phe-NH» 


Since no significant cross reaction was observed with 
polypeptides which possess identical C-terminal peptide 
sequences ( gastrin, pentagastrin, caerulein and the 
C-terminal octapeptide of CCK), the anti-CCK antibody 
seems to be directed against the proximal portion of the 
molecule, To date, no radioimmunoassay for CCK has 
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Fic. 2. Effect of an intravenous injection of purified porcine CCK 
on serum concentrations of CCK (in 5 normal human volunteers) | 
measured by radioimmunoassay. In this and subsequent figures, `` 
narrow vertical bars indicate Æ+ one staridard error. Asterisks 
identify values significantly elevated over basal. 


been reported which cross reacts with the C-terminal 
peptide sequence Trp-Met-Asp-Phe-NHz possessed by. 
both gastrin and CCK.*5.2132 Radioimmunoassay tech- 
nics for gastrin differ; all methods reported for ania 
react with the C-terminal tetrapeptide. i : 
_ Go and co-workers" reported a radioiiminuncassay Sys- 
tem using antisera to crude porcine CCK.” This- assay 
system measured elevated levels of serum CCK in pigs, 
but did not react with human CCK, which suggests ~“ 
that the structure of porcine CCK differs from that of ` 


man. Although our antiserum was produced against.” 
porcine CCK; serial dilutions of serum from: both man’ ` 


and dogs react in parallel to the porcine CCK standard. 
in the assay system, providing evidence for. Structural te 
similarity of the proximal CCK molecule moni the three e 
species. ae 
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Fic. 3. Effect of a fatty meal on serum concentrations of CCK 
(in 4 normal human volunteers) measured by radioimmunoassaf® 
Asterisks identify values significantly elevated over basal. 
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The presently reported values of CCK in human serum 


- and in serum and intestinal mucosal extracts from dogs 


are based ona reference preparation (CCK, 500 IDU/ 
mg.) that has been measured by bioassay and is only 
17% pure.® Serum levels of CCK, measured against this 


' standard, are in the range of 5-20 ng/ml, and the 


upper small bowel mucosa of dogs contains several hun- 
dred nanograms per gram of mucosa. The serum levels 
obtained in man and in dogs in the present study are 
in agreement with those reported in pigs’ and in pre- 


| liminary reports in man.*?1 Although most polypeptide 


hormones exist in serum in concentrations of picograms 


-= per ml., some have been reported in nanogram per ml. 


' concentrations [e.g., progesterone,’ human growth hor- 


mone,2+:3! and luteinizing hormone?®}. 

Although it -is widely agreed? that serum concentra- 
tions of gastrin in man are in the range of 20-150 pg/ml. 
(using 17 amino-acid gastrin as the standard), it is now 
known that there are at least three forms of gastrin in the 
circulation that are immunochemically indistinguishable 
(17 amino-acid gastrin, 33 amino-acid gastrin, and big-big 


' gastrin) and that the major component of circulating 


. gastrin is not the 17 amino acid form.*?7880 No radioim- 


$ miunogssay for gastrin has been developed using the 


larger forms of circulating gastrin as either antigen or as 
standard, so the individual concentrations of the various 
forms of circulating gastrin are unknown. In light of this 
information, certain potential limitations of the technic 
for measurement of CCK should be recognized: the 


< molecular form or weight of circulating CCK is un- 


Portal Vein 


known, the reference standard is porcine CCK, and the 
standard is only 17% pure. Although the values reported 
for CCK concentrations may not be absolute, measure- 
ment by radioimmunoassay nonetheless allows a concept 
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Fic. 4. Effect of perfusion of a Thiery—Vella loop of jejunum with 
acid or saline on portal serum CCK and gastrin (measured by 


= Yadioimmunoassay) in 5 dogs. The bar graph at the bottom and 


the ordinate on the right refer to output of gastric acid. 
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Fic. 5. Effect of intraduodenal infusion of increasing doses of an 

amino acid mixture into, the duodenum in 4 dogs with chronic 

pancreatic fistulas. The mixture of amino acids was infused for 


one hour at each dose level. Asterisks identify serum CCK values 
significantly elevated over basal. 


of quantitation and does not detract from the validity of 
measured changes in relative CCK concentrations dur- 
ing physiologic studies. After intravenous injection . of 
purified porcine CGK into human volunteers (Fig. 2), 
we measured an abrupt rise in circulating CCK from a 
basal level of 17.8 ng/ml to a peak of 33.0 ng/ml. The 
magnitude of this increase in CCK, concentrations is 
greater than would be anticipated with the dose of CCK 
that was given. There are several possible explanations 
for this apparent discrepancy. The CCK preparation that 
was administered intravenously was less pure than the 
preparation used as a standard, and perhaps some of the 
biologically inactive polypeptides in the less pure prepa- 
ration are bound by the anti-CCK antiserum in the radio- 
immunoassay system. This could lead to discrepancies 
between the biologic and immunologic measurements of 
CCK; such discrepancies have been reported for other 
peptide hormones.1®* 

The studies in dogs were performed to correlate CCK 
release measured by radioimmunoassay with CCK activity 
measured by bioassay. Since application of acid or es- 
séntial L-amino acids to small bowel mucosa is known 
also to release endogenous secretin,!*!7 the physiologic 
effects measured in the bioassay preparation reflect in- 
fluence of both of these hormones. Because of overlap- 


TABLE 1. Concentrations of CCK (Nzg/Gm. of tissue) 
Dog# 

I 2 3 Mean 

Duodenum, proximal 251 554 251 353 
distal 389 667 511 522 

Jejunum, proximal 480 480 . 320 427 
distal 410 347 389 382 

eum 128 179 125 144 
Muscle 43 40 85 56 


\ 
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ping physiologic actions, the specifie contribution of 
each hormone will become known only when precise as- 
say of each is possible. The recent preliminary report of 
a radioimmunoassay for secretin** suggests that this pos- 
sibility is imminent. 

The concentration of immunoreactive CCK in duo- 
denal and jejunal mucosa was small compared with 
levels of gastrin in antral mucosa.!® The ratio of antral 
gastrin concentration to duodeno-jejunal CCK concentra- 
tion in dogs is approximately 10,000 ng/Gm. to 400 ng/ 
Gm., or 25 to 1; the mass of duodeno-jejunal mucosa in 
dogs is 11 times greater than antral mucosa.** The ratio 
of serum gastrin concentration to serum CCK concentra- 
tion in dogs is approximately 80 pg/ml. to 20,000 pg/ml. 
or 1 to 250. Therefore, compared to gastrin, there would 
appear to be much less CCK available in mucosa to 


’ maintain a much higher concentration of CCK in serum. 


Although these ratios are clearly rough approximations, 
they suggest different rates of metabolism of the two 
hormones. Since the biologic half-life of endogenous 
CCK [by bioassay*] and exogenous CCK (Fig. 2) 
appear to be similar to that of gastrin,” the difference 
may be in the rate of synthesis or in the size of the frac- 
tion synthesized that is stored in mucosa. 


Summary 


We have developed a radioimmunoassay technic for 
measurement of circulating levels of endogenous CCK 
in man and in dogs. There is no cross reaction with 
gastrin. Using this assay, we have demonstrated in- 
creases in serum concentrations of CCK following a fatty 
meal in man, and during application of acid or an 


amino acid mixture to small bowel mucosa in dogs. 


Measured concentrations of CCK in small bowel mucosa 
showed approximately equal concentrations in duodenum 
and jejunum, which were significantly higher than those 
in ileum. This radioimmunoassay for CCK should prove 
useful in delineating the overlapping actions of the 
gastrointestinal hormones in physiologic studies. 
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DISCUSSION 


Dr. Jonn Pume SANpeLom` (Lausanne): I should like to 
‘congratulate the authors on a beautifully scientific and very suc- 
cessful trial in developing immunoassay methods to follow the 
formation and release of cholecystokinin. 

I should just like to express the nostalgic feelings I have about 
this subject because it was the object of my first scientific research 


4 ‘going’ back 40 years ago, the research which first brought me an 
_ = Yvitation to the United States, which touched on this subject with 
.:. a very elemental and simple “method that one could use for this 


* 
” 


a 


purpose, in`a Provincial Hospital in Sweden. 
".. The discussion in those days related tó which of the two 


_ “™ethods.,and so forth after gastric resection was the best—the 


x s > 
Se at tet 
ater? 


gastroduodenostomy or gastrojejunostomy, the Billroth I or Bil- 
roth II. I had the idea that perhaps one could get some informa- 
tion by studying the gallbladder function to find out whether or 
not.there was a difference if a duodenal passage of the chyme was 


_ excluded. 


_ So,-in’a series of patients who were undergoing either of the 
two opérations, I examined the gallbladder function before opera- 
tion,:after operation and later on. The results showed that it did 
not make any difference whether the chyme passed through the 
duodenum or not; both after Billroth I and Billroth II, the gall- 
bladder function was equally good. So it could not be used as an 


‘argument for éither one of those operations from this point of 


view. 
This slide which is now exactly 40 years old, shows the gall- 
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bladder emptying before operation, after a meal of egg yolk and 
the gallbladder emptying after 45 minutes. 
In all our patients the gall bladder increased in size after the 
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operation, presumably due to the lack of stimulation for emptying _ 


during the fasting period immediately following the operation. 

A. delay of gall bladder contraction occurred with both meth- 
ods but it was entirely related to gastric retention and not to 
duodenal passage. 

Typically there was a faint contraction when the patient swal- 
lowed the egg-yolk, probably a nervous reflex, but no further 
emptying until the contrast mixed with egg-yolk appeared in the 
duodenum or the jejunum. The delay was abolished when the 
gastric emptying returned to normal, generally in a few wéeks— 
or immediately, if the contrast meal was diluted and could be 
made to pass right down. 

The authors tell about a patient where they tested the release 
of cnolecystokinin after giving olive oil and there was a one hour 
delay. I would like to ask them if they think it’s possible that this 
delay was due only to the delay in emptying of the stomach. 


Dr. James:C, THomPson (Closing): There are some specific 
areas in which this assay will be valuable. We are now dealing- 
with a group of gastrointestinal hormones in which their activi- 
ties overlap. We have a whole family of hormones, glucagon-like 
hormones, glucagon from the pancreas, glucagon from the gut; 
secretin, material calléd VIP—vaso-inhibitory polypeptide and a 
gastric inhibitory polypeptide, as well as the das hormones of 
gastrin and cholecystokinin. 

Cholecystokinin and gastrin overlap in at least three areas, 
perhaps four: in gastric secretion, choléresis and in the stimulation 
of pancreatic secretion, and there is a slight action of gastrin in 
stimulation of gallbladder contraction. 

CCK and secretin overlap in stimulating pancreatic secretion. 
Although we think classically of secretin as stimulating water and 
bicarbonate secretion and CCK as stimulating protein, in fact, 
they have a significant overlap in that they both stimulate both 
types of secretion. 

Lastly, we know that gastrin and secretin have interactions in 
that secretin inhibits gastrin-stimulated gastric secretion. Up until 
this point, we have had a method for measuring only gastrin and 
that assay, in most laboratories, cross-reacts with CCK, although 
the degree of cross reactivity is small in our hands. Our gastrin 
assay reacts with CCK in only one part in a thousand, but we are 
tricked in this by nature. If you noticed on the slides the normal 
levels of CCK are a thousand times greater than gastrin; that is, 
Gur normal levels in man for gastrin are between 80-100 pico- 
grams per ml. and in this assay for CCK our levels were between 
8 and 20 nanograms: A nanogram is a thousand times a picogram, 
so that even though the degree of cross reactivity is small, there 
is so much more circulating CCK that I believe that most gas- 
trin immunoassays do pick up a significant amount of CCK in 
circulation. . | E 

Another object of some interest to us is the difference in con- 
centrations in serum and in mucosa. In antrum mucosa the main 
source of gastrin, the amount of gastrin in mucosa is a thousand 
times greater than the niticosal concentrations of CCK we report 
today even though the amounts in. circulation are only 1/1000 
that of CCK. This suggests that there are probably significant 
differences in the aab rate for the two hormones. 


+ 
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Superiority of Antiperistaltic Jejunal Segments 
in Management of Severe Dumping Syndrome 


JOHN L. SAWYERS, M.D., J. LYNWOOD HERRINGTON, JR, M.D. = 


HE DUMPING SYNDROME with its characteristic gas- 

trointestinal and vasomotor disturbances is the 
most common postprandial complaint after definitive 
operation for complications of gastrointestinal ulcer 
disease. Dumping symptoms occur after a part of the 
stomach is sacrificed and is lost as a storage organ, and 
from alteration or removal of the pyloric emptying 
mechanism. The physiologic effects resulting from these 
aberrations were described by Mix® in 1922. 

Unfortunately many different postgastrectomy dis- 
orders have been erroneously labeled dumping syn- 
drome. In this report we are discussing only patients 
with early postprandial dumping syndrome. Wood- 
ward!® has. made the plea that this entity be carefully 
delineated from other postgastrectomy disorders by an 
accurate history. Symptoms of vasomotor imbalance 
manifested by weakness, faintness with an intense 
" desire to lie down, palpitation, pallor and profuse per- 
spiration are dominant while the gastrointestinal symp- 
toms of postprandial cramping, abdominal pain and 
urgent diarrhea are less prominent. Ingestion of car- 
bohydrates, especially sweet liquids, initiate these 
symptoms which are similar to the effects experienced 
by patients having an insulin reaction. 

Most patients suffering from the dumping syndrome 
have mild, transitory symptoms. Dumping of mild to 
moderate degree may be fairly well controlled by 
dietary measures which limit carbohydrates and re- 
strict fluid intake with meals. However, a few pa- 
tients, less than one per cent in our experience, have 
severe dumping symptoms with resultant excessive 
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weight loss, anemia, weakness, abdominal discomfort 


and occasionally uncontrollable diarrhea. When: re- 
strictive dietary measures with intensive supportive 
treatment in the hospital fail to relieve these incapaci- 
tating symptoms, serious consideration should’ be given 
to remedial operation to prevent the patient from a life. 
of invalidism. 


During the past 12 years, we have utilized thrée dif- + ; | 


ferent remedial operations in the treatment of severés* 


intractable dumping syndrome. This report compares ` i 


the effectiveness of the isoperistaltic single jejunal seg- - 


ment, the double jejunal limb pouch, and the: anti-™* 


peristaltic single jejunal segment interposed | between 
the gastric pouch and duodenum. i 


Isoperistaltic Jejunal Segment 


Schoemaker of the Hague is credited by Hedenitedt 
with being the first surgeon to interpose an isoperi- 
staltic jejunal segment after gastric surgery in 1911. 
Henley? has reported extensive use of an interposed 
isoperistaltic jejunal segment between the gastric pouch 
and duodenum for correction of postgastrectomy syn- 
drome in more than 300 patients. All patients im- 


proved including those with early postprandial dump- — = 
ing. Krause? and Hedenstedt? have emphasized the — | 


importance of adding vagotomy when using an isoper- 
istalic jejunal segment to prevent ulceration in the 
jejunal segment which occurred in 17 per cent of 
Henley’s series of 100 patients with duodenal ulcers 
who had received primary interpositions of jejunum 
at the time of the original gastrectomy. 

We have used a single interposed jejunal segment — 
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FOLLOW-UP: 2—9 Yeors 
4 Pts. followed 5+ Yrs. 9 
Fic. 1. Results—using 
isoperistaltic jejunal seg- 
2 ment for dumping syn- 


drome. 
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for patients with afferent-loop syndrome as well as in 
patients with dumping syndrome. The results in pa- 
tients with afferent-loop syndrome have been very 
successful, but the results in patients with early post- 
prandial dumping syndrome have been disappointing. 
Ten patients have undergone isoperistaltic jejunal 
interposition (Henley loop) operation as a remedial 
procedure for symptoms of the dumping syndrome. 
There five and five The ages 
ranged from 39 to 60 years; most of the patients were 


were men women. 





Fic. 2. Patient with isoperistaltic jejunal segment developed kink- 
ing of the Henley loop at the gastro-jejunal anastomosis and 
e dilatation of the gastric pouch. The interposed jejunal segment 
was removed. 
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in the fifth decade of life. The interval between the 
original operation and the remedial surgery varied 
from 2 to 17 years. Three patients previously had un- 
dergone an estimated two-thirds distal gastrectomy 
as the original operation, six patients had undergone 
vagotomy and a modest resection, and one patient 
had a vagotomy and pyloroplasty. In the three patients 
who had two-thirds gastric resection originally, a bi- 
lateral truncal vagotomy was done at the time of the 
Henley loop operation. This procedure is most important 
to prevent ulceration in the isoperistaltic segment. 
The patient with pyloroplasty had the antrum excised 
when the Henley loop was constructed. 

One patient has been followed 9 years, two patients 
for 8 years, one for 5 years, one for 4 years, three for 
3 years, and one for 2 years. One patient died at home 
approximately 2 months following operation. 

There have been no excellent results obtained in the 
group of 10 patients (Fig. 1). Five patients, however, 
have noted a definite improvement in their dumping 
symptoms but have not been completely relieved. 
Two of five patients have gained weight and are judged 
to have a good result. The other three are consid- 
ered to have fair results. Five patients had poor re- 
sults. Three are being maintained on a medical regi- 
men for the dumping symptoms, but are severely 
incapacitated. There was no further weight loss in these 
three patients and no other operation has been done. 

A fourth patient was a complete failure as she de- 
veloped obstruction of the Henley loop, and it had to 
be removed. In 1965, this 39-year-old patient under- 
went vagotomy and estimated 50 per cent distal gas- 
trectomy with a Billroth II type reconstruction. She 
developed marked dumping symptoms and had a 25- 
pound weight loss. Five years later she underwent a 
take-down of the Billroth II anastomosis and inter- 
position of 15 cm. jejunal segment between the gas- 
tric pouch and duodenum. The patient improved for 
2 years, but the result was not excellent. At the end of 
this time she developed nausea, vomiting, and symp- 
toms of high intestinal obstruction. Gastrointestinal X- 
ray series revealed distention of the gastric remnant and 
obstruction at the site of anastomosis of the stomach 
to the jejunum (Fig. 2). She had no free acid in the 
gastric pouch. At reoperation there was kinking at the 
proximal end of the loop with no evidence of ulcera- 
tion. The jejunal segment was removed, and intestinal 
continuity established by an end-to-end gastroduo- 
denostomy. She improved slightly, but has not re- 
gained her lost weight and still has moderate dump- 
ing symptoms. 

The tenth patient, a 42-year-old woman, also had 
unsuccessful results. She underwent a 75% resection 
with vagotomy in 1966. She lost 60 pounds, became 
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TABLE 1. 


SEVERE DUMPING SYNDROME 


Double Limb Jejunal Pouch e 


sentence th pg A NT HAR 7 ES RSet I 


Subsequent After Remedial Operation 
Case Sex Age Original Operation Weight Loss Weight Gain Follow-Up Result 
1. M 48 80% Res. B II, no 85 1b. 60 Ib. 12 years *Excellent 
vagotomy aa 
2. M 48  Truncal vagotomy, 20 10 11 years Fair 
Antrectomy, B I S 
3. M 59 80% Res. B Il 40 20 11 years Good 
4, F 49 60% Res. BII 40 Vagotomy done 9 years Good 
20 
5. M 31 Truncal vagotomy, 35 15 10 years **Poor 
Antrectomy, B I p 
6. M 34 Truncal vagotomy, 20 20 10 years "Excellent 
Antrectomy, B I 
7 M 40 ‘Truncal vagotomy, 15 0 7 years wert air 
Antrectomy, B II ; és 
8. M 52 Truncal vagotomy, 50 20 10 years Poor 
Antrectomy, B I ae 
9, M 38 Truncal vagotomy, 35 20 10 years Poor 
Antrectomy, B I 
10. M 59 70% Res., B II 30 Vagotomy done 8 years Excellent 
40 R 
11, M 24 80% Res., BII 20 30 4 years Excellent 
Vagotomy ey 
12, M 47 80% Res, B Il 20 25 2 years Good 
Vagotomy 


> * No vagotomy 


se . 
wh 


° At 3rd operation transthoracic vagotomy done. Pouch ulcer healed but constricted pouch and subsequent sail revision séiformed. 


Patient now well. 


** Pouch ulcer developed, healed with subsequent transthoracic vagotomy, but patient still doing poorly. 


*** Died 10 years after remedial operation of unrelated causes. 
**** Died 7 years after remedial operation of unrelated causes. 


Developed pouch dilation, stasis and reoperation necessary—single reversed jejunal segment inserted. 


°°° Developed pouch dilation—pouch made smaller. 


emaciated and, in 1969, a 15 cm. isoperistaltic seg- 
ment of jejunum was inserted between the stomach 
remnant and duodenum. She responded well in the 
hospital, but there was no improvement over a 2-month 
follow-up at home. She died from malnutrition and 
severe mental depression. 


Double Jejunal Limb Pouch 


A double plicated iso-antiperistaltic jejunal pouch 
interpolated between the gastric remnant and duo- 
denum, as described by Poth, was used in 12 pa- 
tients. The size of each segment of jejunum was from 
10-15 cm. long. The isoperistaltic segment is joined to 
the gastric remnant, and the antiperistaltic segment is 
anastomosed to the duodenum. The two segments are 
then converted into a single receptacle. Ciné fluo- 
roscopy studies show the pouch to empty slowly and 
in a piecemeal fashion. 

The double limb jejunal pouch has been performed 
on a total of 12 patients (Table 1). There were 11 
men and one woman. The ages ranged from 24 to 59 
years. The interval between the original operation for 
duodenal ulcer and the remedial procedure varied 
from two to 15 years. Six of the 12 patients originally 
had truncal vagotomy and antrectomy performed for 


a complication of duodenal ulcer. Two patients had 
had an estimated 80% distal gastrectomy without va- 
gotomy as their original operation. One patient had had 
a 60% distal resection without vagotomy; one had an 
estimated 70% distal gastrectomy without vagotomy;.., ; 
and two patients had an 80% resection with vagotomy"? 4E 
as their original operations. 

The clinical results using a double limb jejunal pouch + 
in patients with severe dumping syndrome are. seen in 
Figure 3. Follow-up studies in these patients extend 
from 2 to 12 years and ten patients were followed for 
more than 5 years. 

The original operative procedure for peptic ulcer 
disease appears to influence the clinical result obtained 
from using a jejunal pouch. The first patient to have 
this type of remedial operation originally underwent | 
an 80% distal gastrectomy without vagotomy and% 
has been followed for 12 years with excellent clinical 
results. In contrast, patient 3 who underwent an 80% - 
gastric resection without vagotomy developed a 
pouch ulcer 2 years later and was treated with trans- 
thoracic vagotomy. Within a period of a few weeks, 
the pouch ulcer healed, but in doing so constricted 
the proximal portion of the pouch necessitating a thirds 
operation which consisted of revision to make a 


m FOLLOW-UP: 2 to 12 Yrs 
IO Pts followed 5+ Yrs 


Fic. 3. Results—using 
double limb jejunal 
pouch for dumping syn- 
drome, 
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smaller pouch. This patient obtained an initial poor 
result because vagotomy was not done, but now he is 
doing well with an 11-year follow-up. 

Patient 5 who underwent initially a truncal vagot- 
omy-antrectomy and a Billroth I reconstruction for ul- 
cer, subsequently had a double limb pouch inserted, 
but 3 years after insertion the patient developed upper 
abdominal pain. He had free hydrochloric acid pres- 
ent and in the gastric secretions—20 mEq. over a 12- 
hour fast and X-rays showed the presence of a pouch 
ulcer (Fig. 4). The patient underwent transthoracic 
vagotomy and the ulcer completely healed as demon- 
strated by X-ray study. The pain has been relieved, 
but the patient continues to complain of upper abdom- 
inal discomfort and fullness and must be considered a 
failure. He has undergone follow-up study for 10 years. 
Another failure resulted in patient 8 who did well for 7 
years after insertion of a double limb pouch, but then 
developed progressive upper abdominal fullness, nau- 





*Fic. 4A. Patient with double limb jejunal pouch developed ulcer 
in pouch (arrow) 3 years after remedial operation. 
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Fıc. 4B. Following transthoracic vagotomy, pouch ulcer healed 
with residual narrowing. Because of abdominal discomfort and 
fullness, patient is considered to have poor result. 


sea and vomiting. X-ray examination showed the pouch 
to be dilated and sacculated (Fig. 5). No ulceration 
was noted in the pouch. The pouch was revised to 
leave only a short antiperistaltic segment between the 
remaining stomach and duodenum. This patient is now 
doing well. 

Patient 9 is considered a poor result. This man gained 
weight and did well for 5 years after insertion of the 
pouch, but then noted progressive upper abdominal 
discomfort and bloating which became progressively 
worse. This was followed by infrequent nausea and 
vomiting, which increased to the point that the pa- 
tient vomited every day. The vomitus contained the 
food which he had eaten the day before. X-ray studies 
revealed no evidence of a pouch ulcer, but the pouch 
was very dilated, sacculated, and emptied poorly (Fig. 
6). The pouch was revised and made smaller. Over a 
6-month period this patient has gained 20 pounds and 
has been relieved of his difficulty. 

The results are deemed fair in two patients (Cases 
2 and 7) who continue to experience a rather marked 
amount of upper abdominal discomfort and occas- 
ional nausea and vomiting. They each, however, 
state that they are improved over their preoperative 
status. 


Antiperistaltic Jejunal Segment 


A single antiperistaltic jejunal segment interposed 
between the gastric remnant and duodenum for man- 
agement of the dumping syndrome was advocated by 
Poth? in 1957 and reported by Schlicke!? in 1963. 
The reversed segment prolonged gastric pouch empty- 
ing without causing obstruction. Schlicke’® and later 
Sanders!* added vagotomy when using the antiperi- 
staltic segment and reported no obstructive phenomena. 
Each surgeon reported marked improvement in his 
patients. Reversed jejunal segments have also been 
used to treat dumping following Billroth II gastro- 
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jejunostomy without routing food into the duodenum. 
Jordan‘ reported success with this method in 1963. 
During the past 11 years, we have used a single an- 
tiperistaltic jejunal segment placed between the stom- 
ach and duodenum to treat intractable dumping symp- 
toms in 28 patients. There were 21 men and eight 
women with an age range from 26 to 62 years. In 23 
patients the original operation for duodenal ulcer was 
truncal vagotomy and gastric resection removing from 
40 to 75% of the distal stomach. One patient had a 70% 
gastrectomy without vagotomy, and four patients had 
truncal vagotomy and pyloroplasty. The interval be- 
tween the original operation and remedial surgery was 
from 1 to 15 years. Each patient was severely incapaci- 
tated with early postprandial dumping symptoms. 
Weight loss ranged from 20 to 70 pounds with an av- 
erage loss of 30 pounds. Approximately one-half of the 
patients complained of explosive diarrhea initiated by 





Fic. 5A. Double limb jejunal pouch functioned well for 7 years 
then became dilated and sacculated. Patient developed progres- 
sive upper abdominal fullness, nausea, and vomiting. 


GASTRIC — z Ké ~~ 
REMNANT K; a | a 


Duodenum 





Fic. 5B. Dilated jejunal pouch at reoperation. 


SEVERE DUMPING SYNDROME 





Fic. 5C. After revision of pouch to leave short antiperistaltic 
jejunal segment, patient did well. 
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eating. The results are shown in Figure 7. Twenty pa- 
tients have obtained excellent results. These patients 
have either regained back to their ideal weight or to 
within 10 pounds of their ideal weight. Six patients 
have been improved by their remedial operation and 
are judged to have good results. These patients oc- 
casionally experience intermittent upper abdominal 
discomfort and complain of vasomotor symptoms of 
mild to moderate degree when challenged with a high 
carbohydrate diet. One patient is considered a fair 
result. He is improved but bothered significantly by 
epigastric fullness after eating. He has undergone the 
shortest follow-up period, 6 months. The other patients 
have been studied from 1 to 11 years and 14 patients 
have undergone more than 5 years of follow-up study. 
One patient died of a coronary thrombosis 3 years after 
remedial operation. All the other patients are living. 

In one patient there was complete failure because of 
multiple ulcerations in her jejunal limb which was 
fashioned 18 cm. long. She underwent original opera- 
tion, a vagotomy and gastric resection, in 1958. Over 
the next few years she lost 25 pounds, experienced 
severe vasomotor symptoms of early dumping, and in 
1965 she had an 18 cm. reversed jejunal segment in- 
terpolated between the gastric remnant and duodenum. 
This patient did well until 1969, when she began to de- 
velop upper abdominal fullness, nausea and vomiting 
which increased. In 197]. X-rays showed multiple ul- 
cers in the jejunal segment with stenosis (Fig. 8). The 
jejunal segment was removed and a shorter (8 cm.) 
segment was interpolated, after which the patient 
gained 30 pounds. She has been studied almost 3 years 
and now has an excellent result. 

One patient is of unusual interest. This man orig- 
inally had truncal vagotomy and _pyloroplasty per- 
formed. He developed severe dumping symptoms and 
later underwent antrectomy with Billroth I gastrodu- 
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Fic. 6A, After 6 years this patient’s double limb jejunal pouch 
became dilated, sacculated and emptied poorly. 


odenostomy. There was no improvement after this 
operation and the patient went to London where 
Francis Austin Henley inserted an isoperistaltic je- 
junal segment between the gastric remnant and duo- 
denum. Dumping symptoms persisted. When he was 
referred to us, we merely reversed the Henley isoperi- 
staltic segment. He is now considered to have a good 
result. 


Discussion 


Remedial operations for treatment of dumping syn- 
drome should be proposed only after all methods of 
conservative management have failed. Only patients 
who continue to have severe, intractable dumping 
symptoms while in the hospital on strict dietary regi- 
mens have been subjected to remedial surgery. In 
most instances, several years have elapsed between 
the original procedure and reoperation to correct dump- 
ing symptoms. 

Remedial operation to alleviate dumping symptoms 
is designed to restore the reservoir function of the 
stomach and to prolong gastric emptying time. Loss of 
a normal functioning pylorus, with its valve-like mech- 
anism to slow gastric emptying, appears to be the 
ebasic problem in severe, intractable early postprandial 
dumping syndrome. 
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Fic. 6B. Very dilated jejunal pouch at reoperation. 


In our experience, a 10 cm. reversed jejunal seg- 
ment will effectively prolong the emptying time of 
the stomach without obstruction. Restoration of gastric 
reservoir function and prolongation of gastric empty- 
ing time relieve the severe vasomotor and gastroin- 
testinal symptoms of dumping. The length of the an- 
tiperistaltic segment is critical. Experience with an 18 
cm. reversed segment ulcerations and 
stenosis in the segment which necessitated its re- 
moval, Jordanř reports unsatisfactory results with 6 
cm. reversed jejunal segments. When he used seg- 
ments of 10 cm., his patients achieved satisfactory 
results. 

We have seen no obstruction occur from use of 10 
cm. antiperistaltic segments, yet these reverse segments 
serve to delay gastric emptying by functioning as a 
substitute pylorus. Cinéroentgenographic studies have 
been obtained at various time intervals in the follow-up 
period and show that reversed segments function ef- 
fectively as long as 10 years. As the antiperistaltic je- 
junal segment begins to fill from the gastric remnant, 
contraction occurs and much of the barium meal in 


resulted in 
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Fic. 6C. After revision to make jejunal pouch smaller, patient's 
stomach emptied well. He was relieved of abdominal fullness 
and vomiting. 


the jejunal segment refluxes into the gastric pouch. 
Only a small portion of the meal enters from the seg- 
ment into the duodenum. A meal, therefore, leaves the 
gastric pouch in small increments as it did before the 
integrity of the pylorus was violated (Fig. 9). Symp- 
toms of alkaline or bile reflux into the gastric pouch 
have not been a problem in our patients, but one pa- 
tient who volunteered to undergo gastroscopy exam- 
ination, 6 years after insertion of a reversed jejunal 
segment, had bile present in the gastric pouch. The 
gastroscope was passed with ease into the jejunal seg- 
ment which appeared to have normal mucosa and 
peristalsis. 

We are unable to explain the good results reported 
by others using an isoperistaltic jejunal segment. While 
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Fic. 7. Results—using 
antiperistaltic jejunal seg- 
ment for dumping syn- 
drome. 
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Fic. 8. The only poor result from an antiperistaltic jejunal seg- 
ment. The interposed segment was too long (18 cm.). Over a 
4-year period multiple ulcers and stenosis developed as shown in 
x-ray. After replacing this segment with 8 cm. long segment, 
patient did well. 
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Fic. 9. X-rays of barium meal in patient with 10 cm. long anti- 
peristaltic jejunal segment which acts as substitute pylorus to 
delay gastric emptying. Segment functions effectively 10 yearg 
after remedial operation. 





Fic. 10. Isoperistaltic jejunal segment fails to slow gastric empty- 
ing of barium meal. Dumping symptoms were not relieved. 


these segments may enlarge the gastric reservoir, there 
is no delay in gastric emptying time (Fig. 10). Ciné 
studies show the barium meal to speed on through the 
isoperistaltic segment. The pyloric valve-like mechan- 





Fic. 11. Double limb jejunal pouch interposed between gastric 
remnant and duodenum creates a satisfactory gastric reservoir, but 
in a few years tends to enlarge to such a degree that stasis occurs 
And the pouch empties poorly, 


SAWYERS AND HERRINGTON 


Ann. Surg. + September 1973 


TABLE 2. Results in 50 Patients Shows the Superiority of using 
a Single 10 cm. Anttperistaltic Jejunal Segment in Patients with 
Intractable Dumping Syndrome. 





Number of Patients Satisfactory Results 








Isoperistaltic Segment 10 20% 
Double Limb Pouch [2 58% 
Antiperistaltic Segment 28 93% 





ism of the reversed segment is lacking. Our patient who 
achieved a good result after reversal of a previously 
placed isoperistaltic jejunal segment nicely illustrates 
the necessity of achieving delayed gastric emptying 
to alleviate dumping symptoms. 

The double limb jejunal pouch interposed between 
the gastric remnant and duodenum creates a satis- 
factory gastric reservoir and by anastomosing: the an- 
tiperistaltic limb to the duodenum, gastric emptying 
time is delayed. However, after a period of time the 
pouch may dilate and enlarge to such a degree that 
stasis occurs in the pouch (Fig. 11). The patient then 
complains of upper abdominal discomfort. Woodward!® 
and Lawrence? have seen this problem develop in 
their triple looped jejunal pouches. From our experi- 
ence with the double limb pouch, we would advocate 
its use only in patients who suffer from the small gastric 
pouch syndrome after 85 to 90% high subtotal gastric 
resection. In patients who had gastric resections of 
50 to 60%, insertion of a jejunal pouch will eventually 
result in dilatation of the pouch with inadequate gastric 
emptying. 

The 10 cm. antiperistaltic single jejunal segment 
appeared to function satisfactorily, without serious 
sequelae developing, during our follow-up studies 
which extend to 11 years. The operation is technically 
simple. The jejunal segment is passed through the 
transverse mesocolon, rotated counterclockwise to an 
antiperistaltic position and interposed between the gas- 
tric remnant and duodenum. Vagotomy is performed 
in those patients who have not had complete gastric 
vagotomies. In patients who have had _ pyloroplasties, 
we have removed the antrum for fear of producing 
antral stasis and stimulation of acid secretion by the 
gastrin mechanism. Stemmer and associates,!4 how- 
ever, have interposed 4 to 6 cm. antiperistaltic seg- 
ments between the stomach and duodenum without 
antrectomy and report no gastric ulcerations. 

We have had no experience in the use of pyloric 
reconstruction for treatment of the dumping syndrome. 
Regan'! reported good results in four patients with 
dumping syndrome after reconstruction of the pylorus 
which narrowed the lumen to admit only one finger. 
The longest follow-up period in his patients was 17 
months. Several years ago, we attempted to treat the 
dumping syndrome in patients who had Billroth II 
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gastrojejunostomies by converting their anastomosis to 


a Billroth I gastroduodenostomy. This procedure did not 


relieve their symptoms. 


= Table 2 summarizes the results in the 50 patients who 


mh 


underwent remedial operation for dumping syndrome 
by interposition of jejunum between the gastric rem- 


-nant and duodenum. A single 10 cm. antiperistaltic je- 


junal segment gave superior results and is our operation 
of choice for severe, intractable early postprandial 
dumping syndrome. - 


Summary 


The effectiveness of three remedial operations for 
management of early postprandial dumping syndrome 
is compared. Ten patients with isoperistaltic jejunal 
segments interposed between the gastric remnant 


‘and duodenum had no excellent results and good re- 


sults were obtained in only two patients. In 12 pa- 
tients with double iso-antiperistaltic jejunal limb pouch, 
excellent or good results were obtained in seven pa- 
tients (58%). Unfortunately, these pouches tend to 
dilate and empty poorly after several years. 

The best results were obtained by using a 10 cm. 
single antiperistaltic jejunal segment interposed be- 
tween the gastric remnant and duodenum, Twenty-six 
of 28 patients (93%) had good to excellent results. 
Follow-up studies extending to 11 years demonstrate 
that these antiperistaltic segments continue to func- 
tion effectively. 
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While few patients with dumping syndrome require’ surgical 
correction, we agree with the authors that antiperistaltic segments 
can be employed with good success provided that the diagnosis 
of dumping syndrome is actually established. 


Dr. Evwarp Roy Woopwarp (Gainesville): The authors are to 
be congratulated on these outstanding results in a most difficult, 
iatrogenic clinical problem. 


In 1954, Hastings and I first used a three-limb jejunal pouch as 


a replacement for a subtotally resected stomach with severe dump- 
ing, and as luck would have it, our very first patient had a bril- 
liant result. He gained 65 pounds in the first year after operation. 
He had the amazing good judgment to move from Los Angeles to 
Florida so that I have been able to follow him for 19 years since 
that surgery. He has continued to be totally asymptomatic and has 
had no difficulties whatever with his artificial stomach. 


We proceeded to treat a total of 12 patients cases from 1954 


to 1963 and only once did we duplicate this result. We had the 
same experience that the authors report with the two-limb jejunal 
pouch; i.e. failure of adequate emptying, progressive dilatation of 
the pouch and symptoms of prolonged retention of ingested ma- 
terial. Nearly all of these pouches have been either removed or 
drastically revised and we do not believe that this procedure has 


so 
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a useful 
drome. 

We have used the isoperistaltic “Henley loop” interposition for 
patients with chronic afferent loop syndrome, and the results are 
very good. In those patients who also had early postprandial 
“dumping,” many have noted some improvement in these symp- 
toms. In most such cases, however, this is neither dramatic nor 
longlasting. 

It is our experience that if there is a relatively large gastric 
remnant, a simple Billroth II to Billroth I conversion gives reason- 
able symptomatic improvement. This coincides with progressive 
significant weight zain in about 85% of the cases. 

I would like to point out that the best treatment for this hor- 
rendous problem is prevention. As Dr. Dragstedt always likes to 
say, “the stomach is a very handy organ to take to the dinner 
table with youl” 


place in treating the early postprandial dumping syn- 


-a Da. Warten H. Gerwic, Jr. (Santa Barbara): I was privi- 
leged to read this manuscript and following our Presidential 


Address this morning, I reread it during the noon hour utilizing 
the criteria that Dr. Rhoads had mentioned. I assure you that this 
manuscript does have the quality and the high caliber that he so 
emphasized. 

I share with Dr. Stemmer and Dr. Woodward their compli- 
ments for the study that has been carried out and reported here 


_. by Dr. Sawyers and Dr. Herrington. 


_ It is said that, beauty is only in the eye of the beholder and 
therefore, I wish to mention that the isoperistaltic segment pro- 


, cedure, which I favor, should not be totally disregarded. 


The March issue of the American Journal of Surgery contains 


‘information on our most recent data concerning the isoperistaltic 
‘ interposed jejunal segment as a method of management of the 


severe, unrelenting dumping syndrome. 


In this article we reported the results in 11 patients with severe 


- dumping out of a total of 600 patients undergoing gastric surgery 


over a 20-year period. In these patients, an isoperistaltic jejunal 
segment, was interposed between the stomach and the duodenum. 


_: We feel that this procedure has provided us with a valuable 


modality for the management of severe dumping syndrome. 

Of the 1l patients, six were operated upon by me between 
1962 and 1967 and hence have provided us with follow-ups of 
from 6.to- 11 years. I wish to confine my remarks to these six pa- 
tients using weight, tolerance to carbohydrate intake and the abil- 
ity to take water with their meals as criteria for assessing our fol- 
low-up results. 

All six patients had had their symptoms in excess of 7 years 


* before being subjected to this method of surgical management. 
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Five patients had good results. One of these died in the seventh 
postoperative year of an automobile accident. The other four are 
living;and well today. One patient gained over 25 pounds during 
the-first year and has maintained that weight. A second patient is 
40 pounds over his ideal weight. 

I was interested in Dr. Stemmer’s remarks about compensation 
because I think that it is a factor in those patients who might be 
receiving some income as the result of their illness and therefore 
somewhat reluctant to express a feeling of excellent well-being 
and then be required to give up their compensation. The sixth 
patient received little benefit from the procedure and was fol- 


“Y lowed from that time until his death in the fourth postoperative 
“fa year from carcinoma of the lung. Based on these follow-ups in 
"i excess of 6 years we feel now that the isoperistaltic jejunal seg- 


ment has resulted in a very good response with relief of symptoms 
in five of six patients. 

. It’s interesting that in 1967 we reported seven patients with 
severe dumping of 400 gastric operations which is about 2%, or 
twice the incidence that Dr. Sawyers mentioned. In March, 1973, 
we report an additional 200 patients who had undergone gastric 
surgery, 18 of whom became severe dumpers, an incidence of 
3%. I wonder if this represents an increase of the problem and/or 
a better recognition of the syndrome. 

© I might add that vagus resections are certainly needed if it has 
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not already been provided in the isoperistaltic patient. I also 
would strongly suggest that it does not necessarily need resectional 
therapy to cause our difficulty. One of the worst problems that we 
were confronted with was that of a vagus resection and a pyloro- 
plasty. Dr. Sawyers used up to 25 cm. segment but ours have all 
been lenger than that. 


Dr. CARL Scuuicke (Spokane): A number of years ago when 
Dr. Alton Ochsner gave The Grey Turner a lecture at the Inter- 
national Society of Surgery he had some rather disparaging re- 
marks to make about vagotomy and drainage procedure in the 
treatment of peptic ulcer. 

The ultimate condemnation which he was able to invoke was 
that any operation which for the relief of its sequelae might re- 
quire, as he put it, that most unphysiologic of all procedures, 
the interposition of a reverse intestinal loop, must be basically un- 
sound. 

About 10 years ago in a paper dealing with complications of 
vagotomy, we had reported what was for us an act of despera- 
tion, namely the interposition of such a loop between the stomach 
and duodenum in a woman with devastating diarrhea and 30 
pounds weight loss following vagotomy and antrectomy. 

This lady’s problems were completely relieved to her satisfac- 
tion and ours and yet in the ensuing years we have only per- 
formed three more operations of this type. 

These are just a few comments I would like to make. In the 
first place, it is indeed a rare patient whose problems following 
a gastric operation merit consideration for this type of surgical 
intervention. Secondly, I agree with Dr. Sawyers and Dr. Her- 
rington, that if all else fails and one is unable to afford such a 
patient relief from intractable dumping, diarrhea and weight loss 
by any other means, that the use of a reversed jejunal segment 
seems tc be the most satisfactory way of coping with the problem. 
It is far simpler than the construction of a pouch and it coes 
effectively slow gastrointestinal transit time. 

I have had no experience with the isoperistaltic loop except in 
individuals with severe regurgitation of bile and alkaline gastritis. 
It sort of seems to me like the horizontal escalators at the airport! 

The third thing is that not the least of the problems is the dif- 
ficulty o? evaluating the results of performing this operation. Scme 
patients seem to be improved by whatever type of revisior: is 
carried out, even as has been mentioned, the conversion of a 
Billroth II to a Billroth I anastomosis. Fortunately, we do have a 
more objective yardstick than just the patient’s statement of his 
subjective improvement and that is the measurement of the rate of 
gastric emptying, the intestinal transit time and the glucose studies. 

Finally, I am truly concerned that with all that has been writ- 
ten about this operation, of late, that it may become more widely 
attempted than can be really justified. 


Dr. WALTER Lawrence, Jr. (Richmond): I feel that Dr. 
Sawyers and Dr. Herrington have really made a major contribu- 
tion to cur thinking in the choice of a remedial operation. Such 
an operation is rarely indicated I believe but they have shown us 
the preferable procedure when it is. I thought I would use this 
occasion to retract something that we reported some 10 years ago 
regarding remedial operations for the dumping syndrome. Our 
experience really points up the value of long-term follow-up such 
as Dr. Sawyers has presented to us today. 

At that time, we published a very enthusiastic report on the 
use of an interposed triple lumen pouch very similar to the ane 
described by Dr. Woodward. All of the patients gained weight 
promptly and it was encouraging to us as the symptoms did im- 
prove, However, the defect in the report was that there was only 
a 2-year follow-up and on continued follow-up of these patients, 
our experience was very similar to that of Dr. Woodward—the 
pouch got bigger, and reoperation was sometimes required. 

In general, I think we learned the lesson that you can speak 
too soon about results. I really appreciate the opportunity to be 
able to give you this follow-up without having to go through the 
embarrassment of writing a paper about it! 
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Dr. GEORGE LYMAN JORDAN, JR. (Houston): I, too, would like 
to congratulate the essayists on this paper because I think that it 
brings up a real solution to a problem that has bothered surgeons 
for many years. Whereas we would like to operate upon patients 
“and have them no longer troubled with any problems, the fact of 
the matter is that some patients, who are subjected to gastrectomy 
or vagotomy and a drainage procedure, with or without resection, 
will have dumping syndromes. I think it is rather amazing rather 
than disturbing that only 25 to 30% have these symptoms. I do 
fully agree, however, that most of these symptoms are controlled 
by medical therapy and only the occasional patient needs an 
operation. 

As indicated by the previous discussers, as well as Dr. Sawyers 
presented in the paper, there has been a long search for surgical 
procedures to handle the patients who do have symptoms so 
severe they cannot be controlled and I agree with him that the 
basic problem is the rapid emptying of the stomach. Thus, the 
operation he has described today which definitely slows gastric 
emptving would appear to be the most rational procedure and I 
think the discussers of this paper as well as his own statistics 
support this concept. Our own experience also supports him. We 
have been performing this operation now for about 12 years and 
we agree it is rarely indicated. Our experience is not extensive. 
It includes 11 patients, but the results also are good. 

I would just like to make one comment about technic, however, 
because we have used four different technics under different 
circumstances and this is the one (slide) we first developed in the 
dog and we used only a 6 cm. segment. I think this is too short 
and agree completely that a 10 cm. segment currently is the length 
of choice. It is long enough to routinely delay emptying without 
causing obstruction. This procedure we no longer perform al- 
though it was used successfully in the human and this is my 
preferential procedure. It is easier I think than the procedure that 
is shown in Dr. Sawyers’ illustration. It accomplishes the same 
physiologic results. We have utilized this procedure too as have 
others and it, too, relieved symptoms because it prevents rapid 
passage of food into the jejunum. We also have used this technic 
in patients who have had vagotomy and pylorplasty, a vagotomy 
and a Billroth I. This, too, is technically simpler and accomplishes 
the same objective; namely, the prevention of passage of food 
rapidly into the jejunum. | 

I think, therefore, we have made considerable progress in the 
prevention and correction of symptoms which may follow gastric 
surgery. With more limited resections we no longer produce small 
stomachs syndrome. We can correct bile reflux when it occurs. 
This technic not only will correct the dumping syndrome but also 
will correct the hypoglycemic syndrome which occurs. Therefore, 
with the very low incidence of poor results following this pro- 
cedure, we now should be able to rehabilitate virtually all of the 
patients who have difficulty following gastric surgery, 

Dr. Epcar J. Porn (Galveston): The Authors have compared 
a simple reversed segment with the substitute gastric pouch with 
an antiperistaltic outlet fashioned from a long segment of jejunum. 
This jejunal substitution pouch should be reserved for use when 
more than 85% of stomach has been resected and a simple reversed 
segment would be inappropriate unless placed distal to the duode- 
num in the proximal jejunum. The reversed segment described by 
Dr. Jordan in his discussion uses a longer jejunal segment, having 
at least two arteries in the mesenteric pedicle thereby affording a 
better blood supply, appliqueing the major portion of the jejunal 
segment to the end or lesser curvature side of the residual gastric 
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pouch to increase the gastric volume. The remainder of the jejunal 
segment is used to supply an appropriately long, reversed secon 
between the enlarged gastric pouch and the duodenum. While 
both of these procedures are reported in a single publication 


+ 


( American Surgeon, 23-1097-1102, 1957), the latter one (Amer. 
Surg., 23:1100, 1957 Fig. 2-B) is, to the best of my knowledge, 
the first reversal to be performed intentionally on man (1954) and 
was based primarily on the experimental observations mađe by 
Halsted and published by Mall (Mall, F. P.: Reversal of the 
Intestine, Johns Hopkins Hospital Reports, 1:93, 1896). 

Experience obtained from the use of this procedure for approxi- 
mately 20 vears indicates that the length of the reversed portion 
of the segment varies greatly with the size and peristaltic activity 
of the residual gastric remnant and should seldom exceed 5 cm. 
The portion of jejunum appliqued to the residual gastric pouch 
also serves to decrease the rate of emptving. 


CHAIRMAN MERENDINO: This paper obviously has generated 
great interest. Dr. Sawyers, while vou are coming up to close, 
would you think about answering a minor technical question. You 
implied there is a certain length which is right or correct and 
others, in discussion, have indicated that possibly success may be 
accomplished with a segment of lesser or greater length. My ques- 
tion is how is the segment measured? Depending upon how it is 
measured, i.e. whether it’s stretched and how much, whether it is 
measured on the anti-mesenteric or the mesenteric border, etc.— 
we mav be talking about approximately the same length, thus 
reconciling the ranges between 6 and 14 cm, referred to by others. 


Dr. Joun L. Sawyers (Closing): We are certainly honored to 
have so many distinguished surgeons discuss our paper. Each 
discusser has had considerable experience in the surgical man- 
agement of the dumping syndrome and has been a pioneer in this 
feld. Their comments generally tend to support our findings that 
10 cm. antiperistaltic jejunal segments are effective in relieving 
the severe vasomotor svmptoms of postprandial dumping. 

Dr. Woodward mentions success with conversion of Billroth H 
anastomoses to Billroth I. We tried this several vears ago but were 
not successful in relieving many patients of their symptoms. 

Dr. Gerwig points out his success with isoperistaltic jejunal 
segments. Henley has also had satisfactory results with this tech- 
nic, Their results mav be different from ours because the jejunal 
segment is longer. We have avoided long isoperistaltic segments 
for fear of stasis and kinking in the jejunal loops. 

Dr. Merendino asked how we measure the length of our inter- 
posed jejunal segment. We isolate a length of jejunum about 40 
cm. distal to Treitz’s ligament. With the bowe? held on a slight 
stretch between Babcock clamps, we measure a 10 em. length 
placing the tape measure or ruler midway between the mesenteric 
and antimesenteric border of the bowel. The divided jejunal seg- 
ment is brought up behind the transverse colon, reversed and 
sutured end-to-end between the gastric remnant and duodenum, 
As Dr. Jordan mentioned, the end may be sutured into the side of 
the duodenum rather than end-to-end if this is technically easier, 

In conclusion, I would stress, as have the discussers, that very 
few patients need remedial operation. Most patients with dump- 
ing syndrome can be satisfactorily controlled by manipulation of 
their diet. However, there are a few patients who are severely 
incapacitated with marked weight loss because they are afraid 
to eat. Thev cannot carry on their livelihood. These patients are 
greatly benefited by remedial operation. | 
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Significance and Treatment of Occult Obstructive Uropathy 


Complicating Crohn’s Disease 


GEORGE E. BLOCK, M.D., M.S. (Surg), F.A.C.S.,* WARREN E. ENKER, M.D.,* 


;, T 1970, we reported six cases of occult, right-sided 


ureteral obstruction which occurred in patients suffer- 


o fistulous complications of Crohn’s disease.’ A 
i 'urętesalabnormality coincident to Crohn’s disease was 


_ first noted by Hyams, Weinberg and Alley in 1943 and 
_ has. been sporadically reported during the ensuing 30 
_-years.?-9:10.12.16 Despite the association of these two en- 
tities, their clinical significance and their appropriate 


. treatment have not been elucidated. 


«We have encountered the entity of an occult, 
Fate sided obstructive uropathy complicating Crohn’s 
disease of the ileum or ascending colon in 27 patients. 
Itis our thesis that the obstructive uropathy is caused 
by a cicatrix consequent to a right-sided septic retro- 
' peritonitis. attributable to advanced Crohn’s disease 
complicated by sinus, fistula, or abscess. 

The demonstration of ureteral obstruction compli- 
cating Crohn’s disease is an indication for operation 
for reliéf‘of both the advanced ileocolitis and the uri- 
nary tract obstruction. Appropriate resection of the 
involved bowel supplemented by ureterolysis has 


‘geproved to be an efective remedy for the relief of the 
’Sintestinal and urinary tract disease in all of our patients. 


Material 
From 1967 through 1972, 27 patients exhibiting both 


_Crohn’s disease and right ureteral obstruction were 


treated by resection and ureterolysis. During this pe- 
riod, we performed resections in 106 patients suffering 


- from Crohn's ileocolitis primarily involving the term- 


inal small bowel and ascending colon. This does not 
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represent a true incidence of this complication as the 
majority of our patients were referred from other serv- 
ices or institutions and usually were patients with the 
spectrum of advanced and complicated Crohn's dis- 
ease. 

Seventeen patients were male and ten were female. 
There were 24 Caucasians and three Negroes. The 
youngest patient was 17 years of age and the oldest was 
59. The average age at the time of operation was 25.5 
years, At the time of operation for obstructive uropathy, 
the average duration of known granulomatous disease 
was 3.9 years. Two patients were unaware of the pres- 
ence of Crohn’s disease until they suffered urinary 
symptoms. Three of the 27 patients had previous 
operations for regional enteritis. None of our patients 
had prior attempts to alleviate the urinary tract ob- 
struction. 


Symptoms and Physical Findings 


The 27 patients comprising this series all suffered 
from Crohn’s disease of varying severity and localiza- 
tion. While some patients had granulomatous involve- 
ment of the entire colon as well as the terminal small 
bowel, all had one feature of the disease in common: 
the site of greatest severity of the disease was in the 
ileocecal region. The symptoms varied greatly from 
mild cramping and diarrhea to severe cachexia and 
inanition. Certain symptom complexes, as well as phys- 
ical, laboratory, and roentgenographic findings were 
noteworthy as they defined clinically the presence of 
retroperitonitis and ureteral obstruction. 
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Twenty-one of the 27 patients (78%) exhibited a 
right lower quadrant mass by abdominal, rectal, or va- 
ginal examination. Seven patients complained primar- 
ily of right flank or CVA pain or tenderness. The right 
kidney of one individual was enlarged, palpable and 
tender. Five patients had histories of lower urinary 
tract symptoms such as frequency, dysuria, or supra- 
pubic and groin pain. 

Fifteen of the 27 patients had grossly abnormal uri- 
nary sediment on routine examination. Of perhaps 
greater significance is the fact that 12 patients had 
normal urinalyses. 

Twenty-one patients had sterile urine cultures. The 
six patients with contaminated urine all demonstrated 
Escherichia coli in quantities greater than 100 thou- 
sand colonies per milliliter. One of these patients also 
harbored Aerobacter aerogenes and another was in- 
fected by Proteus mirabilis in quantities greater than 
100 thousand per milliliter, Two patients with positive 
cultures suffered an entero-vesical fistula in addition 
to hydroureter and hydronephrosis. 


Roentgenographic Findings 
Gastrointestinal 


Gastrointestinal contrast roentgenograms in all pa- 
tients were diagnostic of Crohn’s disease. The barium 
enema X-ray with views of the terminal ileum was par- 
ticularly rewarding. In addition to delineating the ex- 
tent of ileal disease, the roentgenographic findings in- 
cluded enterocolic and _ entero-vesical fistula, psoas 
abscess formation, entero-cutaneous fistula, ete.” Of par- 
ticular importance in retrospect were the two most 
common findings: high grade partial ileal obstruction 
from Crohn’s disease with or without sinus tracts from 
the ileocecal region to abscess cavities in the retro- 
peritoneum. This demonstration of the supposed path- 
ogenesis of the syndrome was observed roentgenograph- 
ically in 17 of the 27 patients (Fig. 1). 


Cystopyelography 


The most rewarding single preoperative diagnostic 
examination was the excretory pyelogram (IVP). Oc- 
casionally, this examination was supplemented by either 
cystogram or retrograde pyelography. One patient un- 
derwent emergency laparotomy and a_ preoperative 
IVP was necessarily omitted. In all other patients, 
ureteral obstruction with varying degrees of hydrou- 
reter and hydronephrosis were demonstrated prior to 
operation. Eighteen of the 26 patients undergoing pre- 
operative excretory urograms were found to harbor 
occult, right-sided hydronephrosis in addition to the 
hydroureter. One entero-vesical fistula also was dem- 
onstrated by this means. 
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Fic. 1. Barium contrast roentgenogram of the ileo-cecal region 
demonstrating sinus tracts into the retroperitoneum. The origin 
of the sinus is proximal to a partial bowel obstruction. The proxi- 
mal bowel is dilated. This patient suffered retroperitonitis with 
an anterior retroperitoneal abscess. 


In three patients, serial pyelograms prior to opera- 
tion demonstrated the sudden development of right 
hydroureter and hydronephrosis coincident to clinical 
worsening of the intestinal disease. 

In one patient in whom a double collecting system 
was present on the right side, both ureters were ob- 
structed. 

Pre-voiding views of the bladder observed at the 
time of pyelography uniformly revealed a defect at- 
tributable to Crohn’s disease. In those patients with’ 
severe ileal disease, the right posterior dome of the 
bladder was persistently indented, This deformity cor- 
responded to the outline of the inflamed and thickened 
small bowel. It did not represent either primary or 
secondary vesicle disease, as cystoscopy did not dis® 
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Fics. 2, 3 and 4. Representative views of sequential excretory urograms. The first pyelogram in 1969 (Fig. 2) shows normal renal 
architecture. Figure 3 is a pyelogram taken in 1972 during an episode of severe exacerbation of the ileitis. There is obvious hydro- 
ureter and hydronephrosis. Following intestinal resection and ureterolysis (Fig. 4), the pyelogram has returned to normal. 


close mucosal changes and the outline of the bladder 
returned to normal after resection of the offending seg- 
ment of bowel. This finding has not been previously 
emphasized, but has proved to be a reliable index of 
advanced Crohn’s disease for us. Despite scrupulous 
investigation, none of our patients was found to have 
renal or ureteral calculous disease to account for their 
dilated ureter (Fig. 6). 


Operative Findings 


At operation, all patients were found to harbor ac- 
tive Crohn’s disease and the individual findings var- 
ied according to the extent of visceral disease, degree 
of obstruction, site of fistulae, etc. Each of the patients 
had certain features of Crohn’s disease in common. 
These were severe Crohn’s disease in the right lower 
quadrant penetrating through the visceral peritoneum 
and the posterior parietal peritoneum with resul- 
tant retroperitonitis. The area of penetration and ret- 
roperitonitis corresponded to the previously palpated 
mass in the 21 patients so recorded. Twenty-four 
(89%) of the patients exhibited a fistula or sinus tract 
‘from the involved ileocecum to the retroperitoneum. 
Eleven patients (41%) had frank abscesses of the an- 
terior retroperitoneal compartment. In one patient, 
this abscess involved all compartments of both the an- 
terior and posterior retroperitoneal spaces. 

° In all patients with hydroureter, the right ureter was 


found to be encased in the cicatrix of retroperitoneal 
fibrosis. Two patients had ureteral obstruction above 
the level of the pelvic brim: one at the site of recur- 
rent bowel disease and another in the retroperitoneum 
from residual fibrosis 3 years after bowel resection 
without ureterolysis. 

The degree and extent of fibrosis varied greatly from 
patient to patient. In a few patients, the fibrosis was 
moderate and was easily dissected from the ureter, 
In the majority, the fibrosis was dense, thick and in- 
timately encased the ureter from the pelvic brim to the 
trigone of the bladder. In these patients, dissection to 
completely free the ureter from the cicatrix was ex- 
cruciatingly difficult. The ureteral obstruction occa- 
sionally produced huge proximal dilatation of such a 
degree that the ureter approximated the diameter of 
the small bowel. The obstructed distal segment of ure- 
ter gradually tapered into a dense cicatrix. The ureter 
at this point frequently was compressed to only a few 
millimeters in diameter. The involved ureter appeared 
ectatic and, in addition to dilatation and secondary in- 
flammation, the walls of the ureter were thickened. 
No ureteral biopsies were taken. 

During the early portion of the series, biopsy speci- 
mens were obtained from the retroperitoneal cicatrix. 
These were reported as showing nonspecific inflam- 
mation with stellate cell formation, collagen deposi- 
tion, fibrosis and diffuse edema.® 
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Fic. 5. Hydroureter and hydronephrosis in a patient with a right- 
sided double collecting system. After ureterolysis, the hydroureter 
and hydronephrosis resolved. 


Operative Procedures 


A variety of operative procedures were performed 
upon the patients in this series. Although varied in ex- 
act nature, all operations conformed to our basic the- 
sis: resection of the area of bowel harboring the me- 
chanical complication, complete ureterolysis of the 
involved ureter, and drainage of retroperitoneal ab- 
scesses when encountered. No intestinal bypass pro- 
cedures were employed for treatment of the Crohn's 
disease. 

One patient underwent urcterolysis only, as the 
Crohn's disease was resected 3 years prior to diagnosis 
of ureteric obstruction. Two patients underwent total 
colectomy, and the remaining 24 patients underwent 
appropriate small and large bowel resections. Fecal 
continuity was reestablished primarily in 23 of these 
patients, but one patient had a temporary ileostomy 
and mucous fistula. An ileo-ascending anastomosis was 
constructed in six patients, ileotransverse in 16, and 
an ileosigmoid anastomosis in one patient. 
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Our technic of uretcrolysis is to circumferentially 
free the ureter from its encasing cicatrix and to resect 
the anterior portion of the fibrotic sheath. Following 
ureterolysis the freed ureter lies in a wide bed of ex- 
traperitoncal connective tissue. No attempt is made 
to transpose the affected ureter nor to wrap* it in 
omentum. 


Morbidity and Mortality 


There were no operative nor postoperative deaths 
in this series of patients. There were no complications 
either directly or indirectly related to the ureterolysis. 
There was no postoperative ureteral stricture, persis- 
tent obstruction, urinary extravasation, etc. 

There were seven major and two minor complica- 
tions. All complications were related to the intestinal 
component of the disease or its concomitant sepsis. All 
major complications were successfully treated. These 
included one instance each of partial intestinal ob- 
struction, stress ulceration, and subphrenic abscess, and 
four instances of inadequately drained retroperitoneal 
abscess. Despite the use of delayed primary closure, 
two patients developed wound abscesses subsequent to 
premature closure. 


Results 


The period of follow-up observation was from 2 
months to 5% years. The one individual who was fol- 
lowed for only 2 months died during the third post- 
operative month from amyloidosis complicating long- 
standing Crohn’s disease. For all the other patients the 
shortest follow-up period was 6 months and the aver- 
age was 26 months. Twenty-four patients have been 
followed for more than 1 year. 

The postoperative pyclograms in all patients have 





Fic. 6. Bladder deformity demonstrated by excretory pyelography. 
The right superior dome of the bladder is indented and deformed 
by the adjacent inflamed small bowel. = 





Fic. 7. Abdominal roentgenogram of patient with Crohn’s disease, 
right ureteral obstruction and massive retroperitoneal infection. 
The anterior and posterior retroperitoneal space are occupied by 
abscesses which have also involved the subcutaneous areas of the 
thigh, buttocks and groin. 


reverted to normal with the exception of two patients 
who still have minimal caliectasis without persistent 
ureteral dilatation. Urinary infection has resolved in 
all patients. 

Except in those patients with vesicle fistulae, uri- 
nary bladder drainage was discontinued within 48 hours 
of operation. Following ureterolysis, the obstructive 
urinary tract infections were readily overcome by ap- 
propriate antibiotic therapy. Complete resolution of the 
previously documented hydroureter and hydrone- 
phrosis was evident on urography as early as 7 days fol- 
lowing operation. Follow-up urography performed up 
to 42 months after operation revealed complete resolu- 
tion of the obstructive uropathy in all patients. 

e Although it is not our purpose here to detail the 


BLOCK, ENKER AND KIRSNER 


Ann. Surg. « September 1973 


postoperative course of ileocolitis, all living patients 
were evaluated as to the reappearance of active Crohn’s 
disease. Twenty-two patients are free of disease while 
four have had recurrence of the gastrointestinal mani- 
festations of the disease. 


Bacteriology 


The offending organisms contributing to the septic 
retroperitonitis were cultured from the retroperito- 
neal abscesses, fistual tracts and urine. As expected, 
these infections were multimicrobial and reflected the 
enteric origin of the pathogens. The average patient 
harbored two or more organisms and from one patient 
six pathogens were cultured. The bacteria identified 
in order of frequency included: Escherichia coli, Enter- 
ococci, Aerobacter aerogenes, Pseudomonas aeruginosa, 
Streptococcus faecalis, non-hemolytic streptococci, and 
Klebsiella species. 

The organisms varied in their antibiotic sensitivity, 
but most showed convenient sensitivity to common 
antibiotics. Chloramphenicol, Ampicillin, cephalosporin, 
Gentamicin and Kanamycin were commonly indicated 
by in vitro sensitivities. In most instances, the results of 
cultures and sensitivities were not known at the time 
of diagnosis, and empiric antibiotic therapy was initi- 
ated utilizing agents known to be useful in combating 
both aerobic and anaerobic infections. In most cases a 
combination of chloramphenicol with a penicillin or 
cephalosporin was employed. When bacteriologic in 
vitro sensitivities became available, the antibiotic agents 
were modified depending upon the clinical course of 
the patient. 

In two patients, active retroperitoneal suppuration 
was not found and despite proven contamination from 
enteric organisms, antibiotic agents were not employed. 
These patients made an uneventful recovery, In the 
overwhelming majority of patients, however, appropri- 
ate antibiotic therapy was employed to supplement 
resection and adequate drainage. 


Discussion 


The necessity for resection in Crohn’s disease com- 
plicated by the septic processes of abscess, sinus or fis- 
tula is well recognized. Although bypass of the involved 
small bowel still enjoys some popularity, the capacity 
for the bypassed segment to be the site of continuing or 
further complications is also widely appreciated.” Sim- 
ilarly, the advisability of decompression of an obstructed 
ureter is well known. The long-term deleterious effects 
of obstruction on renal function, particularly when com- 
plicated by hemolytic E. coli infection, has been ade- 
quately detailed by Kass, Freid and others.*:7° 

In 1961, Altemeier and Alexander,’ in a classic pre- 
sentation concerning retroperitoneal abscesses, classi- 
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fied and described the retroperitoneal spaces and stated 
that a majority of retroperitoneal infections were sec- 
ondary to primary diseases of the contiguous abdom- 
inal organs of the gastrointestinal tract. These authors 
reported clinical findings similar to those present in 
our patients with infections of the anterior retropcrito- 
neal space, i.e., right lower quadrant mass, CVA tend- 
and an unremarkable examination in 
one-third of the cases. Two of their patients suffered 


erness, urine 
anterior retroperitoneal space infections due to regional 
ileitis and one due to radiation ileitis. 

Our identification of the svndrome of obstructive 
uropathy complicating Crohn’s disease, and our ad- 
vocated treatment are, then. a synthesis of three es- 
tablished surgical principles: the recognition of an 
anterior retroperitoneal space infection, resection of 
the segment of bowel initiating the complication, and 
the relief of the mechanical obstructive uropathy. 


Pathogenesis 


The pathogenesis of this lesion becomes obvious 
when one -relates the clinical course of Crohn’s disease 
to the operative findings and the gross and microscopic 
pathology. 

Crohn’s disease of the ileum and proximal ascend- 
ing colon is notorious for the complications of perfora- 
tion or penctration (sinus or fistula formation), Crohn’s 
disease of the descending colon (granulomatous co- 
litis ) infrequently is the site of origin of fistula forma- 
tion and free perforation is a clinical rarity.'” Hence, 
involvement of the right ureter is much more likely to 
occur than on the left side where the ureter is com- 
pletely retrocolic throughout its pelvic course, How- 
ever, two instances of left-sided ureteral stenosis com- 
plicating Crohn’s disease have been documented by 
others.8:10.18 

The characteristic cleft or fissure which microscopi- 
cally characterizes Crohn’s disease appears to be the 
site of serosal penetration.'* These penetrations, in our 
experience, are predominantly immediately proximal 
to an area of luminal stenosis or obstruction. The term- 
inal ileum and cecum are either partially retroperito- 
neal or in immediate juxtaposition to the posterior, 
lateral parictal peritoneum. Progression of the inflam- 
matory disease through the serosa of the bowel can 
then easily involve the anterior retroperitoneal space 
in a localized phlegmon or abscess via a gross or mi- 
croscopic communication. The inflammatory reaction 
in this region results in a retroperitoneal cicatrix that 
is particularly fibrous. The entrapment and obstruc- 
tion of the underlying right ureter at or below the 
pelvic brim completes the lesion. Similar observations 
have been made in some cases of bilateral “idiopathic 
retroperitoneal fibrosis.” A number of patients diag- 
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Mic. 8. Photograph taken during operation of a dilated right 
ureter, The ureter is isolated between umbilical tapes and disap- 
pears into the cicatrix of retroperitonitis. 


nosed as having “idiopathic” retroperitoneal fibrosis 
had events in their history capable of producing a 
retroperitoneal insult leading to fibrosis: sigmoid di- 
verticulitis, inflammatory processes of the lower ex- 
tremity, cholecystitis, ete. 

Our theory of pathogenesis is attractive, easy to 
demonstrate and, in the end stage, can be proven by 
demonstration of the sinus tract to the retroperito-~ 
neum, retropertonitis, and ureteral obstruction. 


\ 
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Fic. 9. Technic of ureterolysis. The ureter is circumferentially 
freed from the encasing cicatrix, and the anterior portion of the 
fibrotic sheath is resected. 


Fics. 10 and 11. Excre- 
tory pyelogram (Fig. 10) 
of patient J. M. 3 years 
after intestinal resection 
for Crohn's disease. Hy- 
droureter is present. Fol- 
lowing ureterolysis (Fig. 
11), the hydroureter has 
resolved. There was no 
residual Crohn’s disease 
found at the time of ure- 
terolysis. 


Treatment 

Our advocacy of ureterolysis as a necessary supple- 
ment to intestinal resection for relief of obstructive 
uropathy relies upon three categories of proof: our 
uniform success following ureterolysis; a review of 
others failures to achieve renal decompression when 
ureterolysis was not emploved; and a presentation of 
the clinical course of three patients known to us in 
whom obstructive uropathy remained despite medical 
management, intestinal bypass, or resection alone. One 
of these patients was eventually relieved by ureteroly- 
sis. 

In 27 patients the septic complications of Crohn's 
disease, as well as the right-sided ureteral obstruction 
have been uniformly relieved by resection and ure- 
terolysis. This fact, in our opinion, is the most persua- 
sive proof of the correctness of our position. That this 
result was achieved without operative mortality or 
urinary complication further reinforces our thesis. The 
absence of renal calculi in our group of patients and 
their maintenance of a normal collecting system up 
to 5% years after operation is additional argument in 
favor of the necessity of ureterolysis. Monge™ and 
Cerny have both reported success in supplementing 
bowel resection with ureterolysis. 

A review of the results of others in their manage- 
ment of ureteral Crohn’s disease 


obstruction with 
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lends further support to our advocated treatment. From 
1943 to 1970, 22 cases of insidious right-sided periure- 
teric fibrosis developing as a consequence of regional 
enteritis have been reported by others." Prior to 1970, 
the operative treatment for the ureteral complication 
has primarily centered around control of the intes- 
tinal disease alone. The failure to supplement intestinal 
resection with ureterolysis has resulted in a continuing 
morbidity with a concomitant needless loss of renal 
function. 

Hyams et al., considered the origin of periureteric 
fibrosis to be the transport of intestinal-mesenteric in- 
flammation to the retroperitoncum via communicat- 
ing lymphaties.'* Since their report, the spectrum of 
this complication has been reported to vary from min- 
imal periureteric fibrosis with associated ureteral di- 
latation, to and constriction of the distal 
right ureter with proximal hydronephrosis. Ureteroly- 


stenosis 


sis for the relief of this syndrome was originally shunned 
because of the early unsuccessful experience encount- 
ered in ureteral decompression. Harlin and Hamm!!! 
warned that “intervention in the form of some surgi- 
cal procedure on the urinary system is usually un- 
necessary and may lead to further complications.” This 
warning was seemingly well-heeded, and the laissez 
faire attitude has resulted in a high degree of unnec- 
essary morbidity. The failure to perform appropriate 
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Fics. 12 and 13. Pyelo- 
gram of patient P.G. 
(Fig. 12) in 1968 dem- 
onstrating moderate oc- 
cult hydroureter. There 
is worsening of the hy- 
droureter and hydrone- 
phrosis in 1973 (Fig. 
13). During this interval 
the patient was treated 
medically without opera- 
tion. 


ureteral decompression has been directly responsible 
for the loss of the right kidney in two patients. 

An objective assessment of the treatment afforded 
by Present, Rabinowitz and Banks'* is not possible, as 
they did not record the nature of the operative treat- 
ment provided to each of the ten patients reported. Of 
the 12 other cases reported prior to 1969, the average 
patient was subjected to over two operations with one- 
third of the patients requiring three operations or more. 
Only one patient was treated by ureterolysis.’* In this 
patient, as in our series, complete urinary decompres- 
sion was achieved. 

Of the 21 cases reported prior to 1970 which were 
not treated by ureterolysis, ureteral obstruction was 
eventually relieved in only 11. Two of the failures 
required nephrectomy.!! Despite the fact that ureteral 
decompression was achieved in 50 per cent of patients 
without ureterolysis, it was achieved at the cost of at 
least two operative procedures per patient. It is note- 
worthy that of the six cases reported prior to 1969 in 
which there was resolution of ureteric obstruction 
without ureterolysis, bowel resection was employed 
for four patients. We may postulate that if the ureteral 
obstruction was above the pelvic brim, the surgeon 
may perforce perform an incidental urcterolysis while 
mobilizing the ileo-ascending colon in order to identify 
and spare the right ureter. 
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That ureterolysis is both an effective and safe pro- 
cedure for definitive ureteral decompression is cor- 
roborated by the operative experience in periureteric 
fibrosis unrelated to Crohn’s disease. This has been 
reported previously by Vest and Barelare’ and Kerr, 
Suby and Vickery.’ 

The sequence of events occurring in two of our 
patients is further evidence that ureterolysis is a “nec- 
essary supplement to bowel resection in order to: re- 
lieve the obstructive component of this syndrome. 
Medical management, intestinal bypass, and intestinal 
resection without ureterolysis have all failed to achieve 
urinary decompression as witnessed by the following 
case studies, 

Case Reports 

Case 1. J. M. (969513), a 14-year-old male underwent resec- 
tion of the terminal ileum and cecum for Crohn’s disease com- 
plicated by right lower quadrant and retroperitoneal sinus and 
abscess. A primary anastomosis was accomplished and the patient 
made an uneventful recovery. Three years after operation the 
patient complained of right CVA pain. Investigation revealed ex- 
traluminal obstruction of the right ureter with hydroureter and 
mild hydronephrosis. At reoperation, no residual Crohn’s disease- 
was found, but the right ureter was obstructed by periureteric 
fibrosis. Ureterolysis resulted in prompt relief of symptoms and 
the pyelogram reverted to normal in less than 1 month and has 
remained normal for over 2 vears (Figs. 10 & 11). 

Case 2. P. G. (978363), a 19-vear-old man was admitted to 
the gastroenterology service of the University of Chicago in 1968 


ae 


` terolysis is the recommended treatment for 


330 ; 


with gveight loss, inanition, and recurrent urinary tract sas 
A diagnosis of Crohn’s disease was confirmed and the patient wa 
wened by an effective medical regimen. Excretory urography’ al at 
the time of hospitalization demon rated right-sided hydroureter 
and hydronephrosis with obstruction at the level of the pelvic 
brim. Operation was not advised by the primary physicians. The 
patient’$ condition regarding the intestinal disease improved, and 
under strict medical therapy the patient gained 50 pounds. Despite 
occasional episodes of partial intestinal obstruction the patient has 
managed reasonably well over the past 5 years. Intravenous pye- 
lography performed in April of 1973 to evaluate the evolution of 
the urinary obstruction revealed persistent marked ureteral ob- 
struction with worsening of the hydronephrosis since 1968. There 
have been no urinary symptoms (Figs. 12 & 13). 


Conclusions 


A specific and identifiable clinical entity of advanced 
and complicated Crohn’s disease is presented. This 
entity consists of Crohn's disease involving at least the 
terminal ileum and/or ascending colon which has pro- 
gressed to involve the retroperitoneum by a microscopic 


or gross sinus, fistula or abscess. This retroperitonitis 


results in a cicatricial periureteric fibrosis that, in turn, 
causes ureteral obstruction. This clinical entity has been 
observed in 27 of our patients. The urinary obstruction 
may be encountered in patients known to have Crohn's 
disease. may occur as on indication of worsening 
“of the enteritis, or mav be the first indication of previ- 
ously undiagnosed Crohn’s disease. Appropriate bowel 
resection suppleme ‘nted by ureterolysis has resulted in 
the relief of the ureteral obstruction in all of our patients. 

On the basis of our experience and observations we 


~ conclude that: 


1) Routine and periodic excretory pyelograms are an 
essential part of the evaluation of the patient with 


_ Crohn's disease. 


2) Obstructive uropathy complicating Crohn's disease 
is an indication for operation both for the bowel disease 
per se and for the relief of the ureteral obstruction. 
Obstructive uropathy indicates the presence of a classic 
complication of Crohn’s disease: sinus, fistula or abscess. 

3) Appropriate bowel resection supplemented by ure- 
this syn- 
drome. 

4) Ureterolysis has not resulted in any urinary tract 
complications nor injury to other retroperitoneal struc- 
tures. 
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Discussion 


Dr. ALEXANDER |, Warr (Detroit): As a new member, I felt 
flattered when invited by my old sparring partner, George Block, 
to read his manuscript and to discuss his paper. My sense of 


pleasure was rapidly dulled, however, when I discovered that the 
penalty I would have to pav for this distinction would be public 
exposure of my ignorance! In a reasonable experience with 
Crohn's disease, I have personally seen only on patient with 
the full blown picture described by Dr. Block ‘and in this patient, 


Ha 


Vol. 178 » No. 3 


as he described, the ureter was involved in a retroperitoneal 
abscess with perforation of the bowel. 

I could find no other examples of the entity in our own files. 
Dr. William Carpenter of our department kindly offered to review 
his own personal experience of over 100 cases which he has fol- 
lowed for about 15 to 20 years and he found no such case in his 
material, nor did he have any patient subsequently return to him 
for any urinary problem. In contrast, Dr. Block has given us a 
very clear and often dramatically documented account of his ex- 
perience in which no fewer than 26% of the patients operated 
upon by him in the past 5 years have had an associated obstruc- 
tive uropathy. What surprises me is not the fact that the lesion 
occurs, but that it has occurred so often in his series. This obvi- 
ous discrepancy must have an explanation and there are three 
possibilities which come to mind. 

The first is my own clinical ineptitude and I would be grateful 
to Dr. Block if he would refrain from commenting on that point. 
Number two is the possibility of a changing pattern of Crohn’s 
disease for, after all, this has been a distinguishing feature of 
this entity over the past decade as we have been forced to alter 
our views of it from time to time. And the third, and I suppose 
the most likely explanation, is that Dr. Block and the University 
of Chicago group generally deal with much more severely ill 


: examples of Crohn’s disease’ than the rest of us do. This is per- 


haps evident by the high incidence of retroperitoneal perforation 
which they had. | 

My specific questions then are two. First, I would assume that 
you operated on a great number of similar instances prior to 1967 


without recognizing this entity. What happened to those- patients’ 


in terms of their urinary tract in subsequent years? Rephrased, 
have some of the patients on whom you operated—say, in 1960— 
without doing a ureterolysis subsequently returned to you with 
urinary problems? 

The second question is: Do you think the rarity of this entity 
on the left side relates to the anatomy of the left side or do you 
think it relates to the intrinsic pathologic nature of granulomatous 
colitis when confined to the colon as opposed to the ileum? 


Dr. WILLIAM A. ALTEMEIER (Cincinnati): Dr. Block and his 
associates also asked me to discuss this interesting paper and also 
kindly let me have a copy of it. 

This presented a very interesting clinical entity of retroperi- 
toneal disease secondary to Crohn’s disease and characterized by 
cicatricial peri-ureteral fibrosis and ureteral obstruction in asso- 
ciation with sinuses, fistulae or abscess which they found in the 
amazing number of 27 patients, as Alexander Walt has just indi- 
cated. We have had a more limited experience. 

(Slide) In a study of 501 patients with intra-abdominal sepsis 
there were 203 patients that had retroperitoneal abscesses, or 38% 
of the overa]] number. Ninety-two or 17% were in the anterior 
retroperitoneal space with which we were concerned in this par- 
ticular instance. 

(Slide) This is part of a paper which was published in the 
American Journal of Surgery a few months ago on sources of intra- 
abdominal abscesses and note that regional enteritis or granuloma- 
tous ileocolitis accounted for three of the 501 patients or an ‘inci- 
dence of six-tenths of one per cent. 


(Slide) Notice in this anatomical drawing which we prepared - 


in a paper published in 1961 on retroperitoneal abscesses, the 
proximity of the ureter as it crosses over the great vessels to the 
ileocecal region and it is not surprising that infections in this area 
that produce fibrosis will ultimately cause cicatricial stenosis’ of 
the ureter. 

(Slide) The experience that we have had would be illustrated, 
I think, in these two cases. This is the abdominal x-ray of a young 
girl, 31 years of age, who had Crohn’s disease and when I saw this 
flat film I was impressed with the fact that there was gaseous 
distention of the retroperitoneal spaces. there was also evidence 
of pneumatosis, cystoidus and testinalis in several places which 
was also relative to the granulomatous ileocolitis. At this time we 
did not appreciate the fact that she had an obstruction of her 
ureter, >- . 


OCCULT OBSTRUCTIVE UROPATHY 


gol 


' (Slide) At operation, I removed the segment of the tewninal 
ileum which was involved. This also included areas of pneumoto- 
sis, cystoides and testinalis and a previous ileo transverse colas- 


‘tomy that had been done in Seattle, Washington about 5 years 


before. This is the area of the anastomosis. During the dissection, 
it became apparent there was a fistula into the anterior retroperi- 
toneal space and marked fibrosis and obstruction of the ureter. 
We freed up the ureter with some difficulty because of the en- 
trapment of the ureter down deep in the pelvis. This area of 
continuing chronic infection with fibrosis of longstanding. 
(Slide) In another patient, a young man of 21 years of age, whc 
had had marked spasm of his right leg and a limp of 6 months, 
fortunately developed a septicemia and was referred to me ‘for 
treatment of the septicemia. X-ray of the abdomen again showed 
the gaseous infiltration of the retroperitoneal space. ' 
(Slide) On operation, we found a fistulous tract in the ileoce- | 
cal segment that went into the anterior retroperitoneal space to, 
produce a large abscess. There dense fibrosis around this abscess 
and again aie aah of the right ureter. 
(Slide) In this instance, the abscess was drained. An ileoco-, | 
lectomy was done and a drainage also of the source abscess and ` 
notice the prompt response that was obtained. SS ee 
I want to compliment Dr. Block and his associates for bringing 
us this interesting syndrome and its effective treatment to our 
attention. In addition, I want to ask Dr. Block about his ideas as, . 
to the etiology of chronic progressive retroperitoneal fibrosis, with * 
obstructive uropathy and without Crohn’s disease. ` ae 
This was described by Dr. John Horman of Detroit in the late 
thirties when I was at Henry Ford Hospital and since’ then I have © 
seen it in several of these patients and as far as we can‘tell, there 
has never been any relationship to Crohn’s disease. at 
I want to point out also that we have seen this syndrome with | 
actinomycosis, with longstanding appendicial abscesses, with derse 
fibrosis of the wall of the pelvis and the pan of the ileum in the 
right lower quadrant associated with tuberculosis and other fistu- 
Jous tract diseases. z Ay 
A word of caution: In dissecting out the ureter, if the ureter is 
densely entrapped in -this thick, encased scar tissue; there is a. 
risk not only of injuring the ureter, but also of injuring the femoral ;, 
nerve which may not be easily identifiable in this'.dense.scar. ` 


Dr. Grorce E. Brock (Closing): The incidence of thiseésian 
is certainly abnormal in our population. The 106 patientstHat I 
referred to are those patients who primarily had iléocolitisof. the. ~ 
right side. These did not include those patients with predomi- `: 
nently left sided ileocolitis which would have about doubled ‘our: , 
personal operative experience. ae oe 


`, 


Le 
. 


Nevertheless, this is still a high percentage and I believe it isa. 


reflection of the pattern of the type of patient who is referréd‘#o 
us with their longstanding, advanced and complicated disease.*: 
Dr. Enker and I, in reviewing the literature in the last 10 or 15 
years, have come across case reports of slightly over 70 patients in :..° 
which this entity is described. o 
There is another point worthy of emphasis: this syndrome is 
the end stage of Crohn’s disease or right sided: ileocolitis with 
septic retroperitonitis that Dr. Altemeier so beautifully illustrated. 
That this represents end-stage ileocolitis poignantly emphasizes 
that this is an urgent indication for resection of the bowel disease 


per se. 


As far as what happened to the patients prior to our recogni- 
tion of this problem, the last two patients that were presented in 
the manuscript were patients who were recognized Jate in their 
course and suffered severe renal problems. The remainder were, ` 
I am afraid, merely undiagnosed. SO 

Of interest in going through our patients with inflammatory 
disease, we were impressed with the infrequency’ of pyelograms 
that were conducted on a routine basis. | 

In the literature we note patients who have not had ureteroly- 
sis and there is a failure of relief in approximately 50% of the 
patients and, in a few reported patients, there was loss of renal 
function and even nephrectomy. ä 
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Intgrestingly, in other attempts at decompression of the ureter 
the patients averaged about three operations per patient in order 
to relieve the uretary obstruction. 

The left-sided lesion has been recorded twice, to our knowl- 
edge. We believe this reflects both the anatomy of the retrocolic 
ureter and the fact that although Crohn’s disease of the left side 
of the bowel and Crohn’s disease of the right side of the bowel, 
if these are correct terms, are histologically identical, certainly 
from a pathogenic standpoint they are not. 

Crohn’s disease on the left side of the bowel, rarely penetrates, 
is rarely the site of the origin of the fistula and it is a real rarity 
to have a free perforation. 

Therefore, retroperitonitis on the left side and its subsequent 


` ureteral obstruction would be the expected rarity that it has 





proven to be. 

I believe Dr. Altemeier’s listing of the cause of retroperitonitis 
in his slide emphasized one of the important mechanisms of this 
syndrome; that is, the majority of the lesions that he presented— 
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a suture line leak, appendicitis, ete.—are acute and sudden prob- 


lems as contrasted to the chronicity associated with the fistulae, 


abscess and sinus tract of retroperitonitis in Crohn’s disease. 

The third entity in addition to the perforation and retroperi- 
tonitis has to be a chronic lesion to engender the cicatrix and 
Crohn’s disease certainly does that. 

As far as idiopathic retroperitoneal fibrosis is concerned exclu- 
sive of Crokn’s disease, a minority have septic complications, par- 
ticularly diverticulitis, cholecystitis and septic diseases of the upper 
extremities have been identified, 

We, of course, like all others see patients taking a certain 
amount of ergot for migraine headaches but uniformly this has 
been bilateral. 

We have not seen patients and our second illustrative patient 
pointed this out, whose obstructive uropathy reversed spontane- 
ously without operative treatment as contrasted to the idiopathic 
retroperitoneal fibrosis associated with ergot or Sansert. 
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Carcinoma of the Extrahepatic Biliary Tract ; 


WILLIAM P. LONGMIRE, JR, M.D,,* MICHAEL S. McARTHUR, M.D., | 


Ce of the extrahepatic biliary system, al- 
though relatively rare, have a number of deceiving 
clinical features that make it important for abdominal 
surgeoris to understand thoroughly their pathologic pat- 
terns, growth characteristics, and diagnostic difficulties: 

1. Depending upon the site of origin of the tumor in 
the duct, local operative findings are very divergent. 
Tumors in the lower one-third of the duct produce 
biliary obstruction and marked dilatation of the entire 
proximal biliary system, including the gallbladder, unless 
it has been removed or has been the site of previous 
disease; tumors arising at the confluence of the hepatic 
ducts, however, although they also produce an obstruc- 
tive type jaundice, are characterized by small, collapsed, 
relatively empty bile duct and gallbladder, while the 
liver is turgid and enlarged. 

2. The tumors, particularly those in the hepatic ducts 
high in the hilum of the liver, are small, localized, and 
easily overlooked at operation. Local biopsies frequently 
do not obtain tumor tissue, and the specimens are mis- 
interpreted to indicate that the duct obstruction is due 
to fibrosis and scarring. 

3. The majority of bile duct tumors are slow-growing 
and metastasize by local extension rather than by wide- 
spread venous or lymphatic invasion. 

4, Symptoms, until the advanced stage of the disease, 
are related solely to biliary obstruction, and reestab- 
lishment of adequate biliary flow, even though the tumor 
is not removed, provides surprisingly good palliation. 

5. Finally, despite the ability to provide palliation to 
a number of these patients, long-term survivors and 
“cures” rarely are obtained by current methods of treat- 
ment except for those tumors in the distal one-third of 
the duct. 


Presented at the Annual Meeting of the American Surgical 
Association, Los Angeles, California, April 25-27, 1973. 
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Anatomical Location of Tumors... 


The anatomical location of these anon “Bas. ben 
emphasized with regard to methods of treatment and, 
prognosis of the lesion,!' and the suggestion has been. 
made” that the extrahepatic biliary system ;be divided 
roughly into three areas: (1) the upper region, includ- - 
ing the left and right hepatic ducts, their ee : 
and the common hepatic duct; (2) the common duct | | 
from the region of the cystic duct down to the pancreas;. 
and (3) the intrapancreatic portion of the common rar 


not including tumors of the ampulla of Vater, ak bg gen 
ni E TAN: i“ 

Tumors Arising Near the Confluence of the 382. SE 

Hepatic Ducts et a 


Of the 500 site- specified bile duct tumors “paviewed 
by Sako ét al.,!° 263 were located in the common hepa, . 4 
the left or right hepatic ducts, or their confluence.! As ` 
stated, tumors in these sites present a major “problem ° 
in diagnosis. In 17 of 23 cases reported by Whelton. 
and associates'® and nine of 13 cases recorded by. 
Klatskin,® the cause of the biliary obstruction was not 
identified at initial operative biliary exploration for; ob": 
structive jaundice. Equally distressing, however, is. ‘the l 
fact that once these small, highly Iocalized tumors havè` 
been identified, current methods of treatment rarely, iff 
ever, result in cure. The slow growth characteristics- 
of the tumor, however, together with the fact that relief 
of biliary obstruction even without removal of the tumor’ 
may afford very adequate palliation for months, justify 
exploration in all cases without evidence of distant ` 
metastases. Sixteen of 41 patients treated by Warren 
and associates!" with palliative procedures survived for 
more than 1 year, and one lived for more than 3 years. 
One of our patients survived for more than 6 years. 
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Wih the a successful reports of hepatic lobectomy 


and radical tumor excision by Mistilis and Schiff!’ and - 


Haynes and colleagues,’ followed by the exhortation of 
. Quattlebaum and Quattlebaum™ for a more aggressive 


approach to the treatment of these tumors, and the. 


continued recent successful hepatic lobectomy tumor 

“excisions of Cady and Fortner,* Klippel and Shaw, and 
© Kelly, many surgeons now are exploring ways to re- 
_ move these tantalizingly small, localized tumors by more 
~ radical technics. 


` Tuihors of Middle Region of the Ductal System 


' Small, well-localized: tumors in the common duct from ~ 


the region of the cystic duct junction down to the 
"upper border of the pancreas may be treated by local 
-excision and end-to-end anastomosis of the proximal 
“dart t6 the gut. In the. series collected by Sako et al.,16 


the cornmon duct was the single most common site 6 


origin (203 tumors), although it accounted for less 
than the total number of tumors arising from the various 
-. hepatic ducts. Eleven of the 77 malignant bile duct 
tumors reported by Warren et al." were in the common 
~ duct above. the pancreas. Seven patients were treated 
se by resection and end-to-end anastomosis or hepatico- 
= ‘eriterostomy, ‘and six survived for more than 1 year and 
-i thrée for ‘more than 3 years. In our previous report 
of 20 patients, two had survived local resection and 
. diict-enteric anastomosis for 7 and 10 months.11 When 
local. ‘excision: is not feasible, palliation may be con- 
sidered: either by decompression of the biliary system 
atthe hilus or by hepatic wedge resection and intra- 
gun cholangiojejunostomy. 


het 
. ty 
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“Tumors of. the Distal Portion of the Common Duct 


_ These tumors arise in the intrapancreatic portion of 
the common duct and generally are grouped clinically 
‘-~with the periampullary tumors. Differentiation of the 


“tutior at. operation, and even in the excised surgical- 


“speċímen;. from cancer of the head of the pancreas 


-i i Te ibe: difficult. These tumors, however, because of . 


* their site of origin, produce jaundice early; they usually 
“are‘sifiall, localized about the common duct, and without 
a lymph node involvement. The proximal 
ductal system is markedly distended. In the series of 
77 malignant bile duct tumors reported by Warren 


and associates,’ 18 arose in the intrapancreatic common. 


.duct. Fifteen patients were treated by pancreatico- 
duodenectomy, nine of whom had survived for more 
than 1 year and two for more than 3 years at the time 
of their report. Of 65 patients undergoing pancreatico- 
duodenectoiy for periampullary tumors at the UCLA 
Wospital, ten were diagnosed as having cancer of the 
common bile duct. Three of these patients were alive 
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more than 6 years postoperatively, one for 13.5 years. 
If widespread local growth or distant metastases con- 
traindicate resection. of tumors in this location, a suit- 
able segment of dilated ‘proximal duct often can be 
identified for palliative decompression of the biliary 
system. A choledochoduodenostomy ot choledocho- 
jejunostomy performed i in 70 patients with periampullary 


. tumor has resulted in an average period of survival of 


more than 10.5 months.? 


Anatomical Studies 


To assist in planning operative approaches to the 
ductal system ‘at and above the confluence of the com- 
mon hepatic with the left and ‘the right hepatic ducts, 
detailed dissections have been made of the extra- 
parenchymal hilar structures in 30 normal human 
livers obtained at postmortem examination. There are 
a number of excellent anatomical studies of the relation- 
ships and variations of the biliary duct, hepatic artery, 
and portal vein in the hepatoduodenal ligament, as well 
as detailed studies of the segmentalization of these struc- 
tures and the hepatic veins within the parenchyma of 
the liver, but the relationships of these structures in the 
immediate extraparenchymal region have .been some- 
what neglected. 

Variations of the hepatic arterial supply of the two 


‘lobes of the liver have been studied extensively. Daseler 


and co-workers® described the two most common pat- 
terns: (1) A single comrnon hepatic artery, as seen in 
83.2% of the cases, arose from the coelic axis and coursed 
in the left portion of the hepatoduodenal ligament as 
a long trunk that did not break up into its hepatic 
branches until it had come within 4 cm. of reaching 


the surface of the liver. At this point it branched into 


two main trunks, oiie to the right, the other to the left 
hepatic lobe. The cystic artery arose from the right 
hepatic artery. (2) The common hepatic artery was 
absent in 12.2% of cases, with the right and left lobes 
supplied by two separate vessels. .The left hepatic 
artery arose from the coelic axis and supplied the left 
lobe. The right hepatic artery arose from the superior 
mesenteric artery and passed behind the duodenum 
to course up the right posterior border of the hepato- 
duodenal ligament to supply the right hepatic lobe and 
to give rise to the cystic artery. 

The portal vein, a thick-walled vessel 6.5 cm. in 
length, regularly is formed by the junction of the splenic 
and superior mesenteric veins beneath the neck of the 
pancreas. It passes to the right and upward behind the 
superior portion of the duodenum to enter the liver at 
the right extremity of the porta hepatis. In its course 
it usually receives the superior pancreaticoduodenal 
vein and, in some instances, the coronary vein and an 


‘ 
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accessory pancreatic vein. High in the hilus is a single 
bifurcation into left and right branches. Its right branch 
is the usual site for the termination of the cystic vein.® 
The relationship of these branches, the divisions of 
the hepatic ducts above the common hepatic duct, and 
the branches of the hepatic artery formed the basis of 
our studies.? 

As the common hepatic duct enters the tough fibrous 
tissue that covers the porta hepatis and enmeshes the 
branches of the ducts and vessels, it divides into its 
two main branches, the right and the left hepatic ducts, 
in more than 98% of cases.” 

Division of the right hepatic duct into two or three 
intraparenchymal branches regularly occurs 1 cm. or 
less from the confluence of the main left and right 
hepatic ducts, one branch passing to the anterior su- 
perior segment, the other to the posterior inferior seg- 
ment; a third branch to the caudate lobe is sometimes 
seen. The right hepatic artery regularly crosses over 
from the common hepatic artery on the left beneath 
the ductal system to lie on the dorsal surface of the right 
hepatic duct and send branches along its divisions. 
The portal vein lies posterior or dorsal to the duct and 
also sends branches to the same anatomical segments. 
The branches of these three structures enter the par- 
enchyma by adjacent but not identical orifices. 

By careful dissection of the tough fibrous hilar en- 
velope, considerable lengths of these vessels and ducts 
to the left hepatic lobe can be isolated still outside of 
the true parenchyma of the liver. The structures cross 
in the bridge between the caudate and quadrate lobes 
and pass into the groove of the ligamentum teres. 

It has been apparent to us at the operating table as 
we have attempted to dissect out the dilated left 
hepatic duct above a malignant or benign obstruction 
at the hepatic duct confluence that the dissection was 
limited laterally by a large branch of the portal vein 
that passed from its posterior or dorsal position in the 
hepatoduodenal ligament to cross the hepatic duct 
anteriorly or ventrally. This duct-venous relationship has 
been one of our particular interests. 

Three general patterns of duct-vein relationship have 
been identified in the 30 livers studied. In the most 
common variety, which we have labelled Type A 
(22/30) (Fig. 1A), the duct runs slightly above and 
superficial to (cranio-ventrally) the left branch of the 
portal vein for a distance of 3 or more cm., the major 
division of the duct then passing beneath the portal vein 
to the lateral segment of the left lobe. A smaller division 
continues parallel with the portal vein into the cleft 
of the ligamentum. 

In a much less frequent arrangement, Type B (4/30) 
(Fig. 1B), the major division of the duct continues its 
parallel course and passes superficial or ventral to the 


BILE DUCT CARCINOMA 


Fam miiie Tiny, 
~ ee 








Hepatic a. 
Common hepatic duct 


Portal v. 








Fic. 1. Relationship of hepatic duct, artery, and portal vein above 
confluence. A. Major division of left hepatic duct passes beneath : ' 
portal vein laterally. B. Major division of left hepatic duct passes 
parallel to portal vein. C. Lateral branches of left pepetle, duct ot 
equal size. . ae 


portal vein with, in some cases, a much emailer division s 


passing beneath or dorsal to the vein at the left lateral 
margin of the hilar area. In four livers, labelled Type-C 


(Fig. 1C), the proximal relationship of duct and vein, ` 


from the confluence is the same as in the’ othér two 
types. Laterally, however, the divisions passing beneath - 
the portal vein and continuing parallel to: it,’ are of 
equal size, Three or four small ducts join the left ee 
duct within 2 cm. of the confluence and drain thé*,. 
caudate lobe. Small ducts from the caudate lobe may . 
also enter the confluence or, at times, they may empty 
into the right hepatic duct. 


These tertiary ducts, although quite small (1 to 3 mm.) - 
in diameter), in their normal state become dilated: “and; 


thick-walled in the face of chronic obstruction; arid at. 


least the branches that serve major hepatic segments 


are of sufficient size to be dealt with surgically.” oa th: 


3, 


In the cases of high duct resections and hepatic: a 


lobectomies previously reported (Table 1, Fig. 2), the ` 
left lobe was resected four times, leaving right intra- 
hepatic ducts for anastomosis, and the right lobe was 
resected in two cases, leaving the left hepatic ducts to 
be anastomosed with the alimentary tract. 

The left hepatic duct was the site of the tumor in 
seven of Warrens 77 cases. The right hepatic duct 
was not the primary site in a single case. It is possible, 
however, that these cases would have been classified 
as intrahepatic duct tumors because the extrapareti 
chymal right duct is so short. 


z s 2 ; « 
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Iha se X . + 
; | TABLE 1. Remew of Literature 
Area Liver Type of Duct-Enteric 
Author Resected Anastomosis 
Mistilis! Left lobe T-tube from common duct 
e into Rt. hepatic 
Haynes? Left lobe Rt. hepatic duct-jejunum 
Roux-en-Y 
Quattlebaum™ Right lobe Left hepatic duct-jejunum 
Roux-en-Y 
Cady! Left lobe Rt. hepatic-common duct 
end-to-end 
- Klippel? Right lobe Left duct-jejunum Roux- 
en-Y 
„Kelly? Left lobe Rt. duct-end-to-side jejunum 
Roux-en-Y 
E 
an Clinical Considerations 


Despite the small, localized nature of these high- 
_.-lying hepatic duct lesions, they frequently are found to 
be-nonresectable. This is true not only when the entire 
-extraparénchymal hilar biliary system is involved, but 
also when, in an otherwise resectable lesion, the hepatic 
_.artery and portal vein immediately adjacent are affected 
to the extent that an en bloc resection would devascu- 

.. e larize major anatomical areas of the liver. 

":3 On the basis of our anatomical studies and the com- 
bined hepatic lobectomy-tumor excision procedures pre- 
viously reported,*7:8:1013.44 two possible operations have 
been planned that might increase the resectability of 
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these tumors. A modification of one of these technics 
has been successfully performed. 

(A) In tumors involving the right hepatic duct, the 
duct confluence, or both, with extension into hepatic 
artery and portal vein, it is proposed that a three-quarter 
hepatic resection be performed with removal of the right 
lobe and medial segment of left lobe. The proximal end 
of hepatic artery and portal vein are closed. The spleen 
is removed, and the splenic artery and vein are anas- 
tomosed to the branch of the hepatic artery and portal 
vein to the left lateral hepatic segment (Fig. 3). In one 
patient in whom a modification of this procedure was 
utilized, the left hepatic artery was situated so far to 
the left side of the hepatoduodenal ligament that it was 
not involved and, therefore, not resected. Mobilization 
of the proximal portal vein permitted an end-to-end 
anastomosis to the lateral segment branch after re- 
section of the bifurcation of the portal vein with the 
specimen. The orifices of three dilated segmental ducts 
were anastomosed to the side of a Roux-en-Y jejunal 
limb to complete the reconstruction (Fig. 4). 


Case Report 


A 53-year-old man with a history of obstructive jaundice of 2 
months’ duration had been explored for biliary obstruction 3 
weeks after the onset of jaundice. Biopsies of a thickened com- 
mon hepatic duct were negative for tumor. After T-tube drainage 
of the common duct, there was a marked temporary improvement 
in his condition, but the jaundice subsequently recurred. At re- 
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exploration 9 weeks after the first operation, a well-localized 
tumor at the confluence of the hepatic ducts was resected, to- 
gether with the right lobe, the medial segment of the left Jobe, 
the right branch of the hepatic artery, and the bifurcation of the 
portal vein. The stump of the portal vein was anastomosed to the 
portal vein branch to the left lateral segment. The left hepatic 
artery was not involved. Three dilated intrahepatic ducts in the 
lateral segment were anastomosed to the side of a Roux-en-Y 
jejunal limb. After a prolonged and diffcult postoperative course, 
he was discharged from the hospital with a slightly elevated but 
steadily declining serum bilirubin level (from 38 to 4.2 mg./100 
ml.), normal stools, and increasing oral intake. On recent exami- 
nation 1 month after discharge, the jaundice has continued to 
recede, and he has gained 13 Ibs. 

(B) Resection of the left lobe with interruption of 
the inflow blood supply might be accomplished by 
mobilizing the hepatic artery sufficiently (after division 
of the gastroduodenal branch) to anastomose it with the 
distal right hepatic artery, advancing the portal vein 
for end-to-end anastomosis to the right branch, as de- 
scribed on the left side (Fig. 5). 

Because complete mobilization of the extraparen- 
chymal left hepatic duct provides a longer segment of 
duct than does the much shorter right hepatic duct, 
it would seem to offer technical advantages for duct- 
enteric anastomosis after resection of the tumor and 
distal liver tissue, but this, of course, varies with the 
location of the tumor. 


Case Material 


Since 1955, 63 patients with the diagnosis of car- 
cinoma of the bile duct have been seen at the UCLA 
Hospital. As in other reported series, the 36 male and 
27 female patients have about a 3 to 2 ratio. The age 
range was 24 to 78 years, and the age distribution is 
shown in Figure 6. 

Two-thirds of the patients queried had had no pre- 
vious history of biliary tract disease. One-third gave 
a history of previous cholecystitis, cholelithiasis, or 
“trouble with the bile duct.” 


Symptoms 


Gradual onset of jaundice was noted in more than 
50 of the patients; only three patients were aware of 
an acute onset of their symptoms. Pain, present in one- 
third of the patients (21), was the second most common 
symptom, with weight loss, decreased appetite, and 
general malaise recorded in less than one-fourth of the 
patients. Evidence of cholangitis, as indicated by chills 
and fever, was recorded in only 7 of the 63 patients. 

Symptoms seemed to be very similar, regardless of 
the anatomical location of the carcinoma. There was 
no significant difference in the mode of onset or the 
predominant symptoms ‚in lesions of the proximal, 
middle, or distal thirds of the extrahepatic biliary sys- 
tem. 
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; Fic. 5:. Proposed operation for resection of carcinoma of left he- 
“".. patie duct and confluence together with inflow blood supply. 


<- “Approximately one-half of the patients (33) con- 

sulted a physician within the first 3 months after onset 

=. of symptoms, and about one-half (32) received some 
~” - ‘definitive treatment within 4 months. 


Diagnostic Studies 


“The hematocrit was less than 40%, and the white blood 
cell count was above 8,000 cu. mm. in one-half of the 
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patients; prothrombin time was less than 80% in 20 of 
49 patients tested. 

The most helpful diagnostic test was the percutaneous 
cholangiogram. Pertinent diagnostic informaticn was ob- 
tained for each of the 12 patients on whom the pro- 
cedure was performed successfully. There were no 
positive contributory findings in the 15 upper gastro- 
intestinal series completed. Radioactive liver scans were 
abnormal but not diagnostic in seven patients and 
normal in four. Arteriograms were also abnormal but 
not diagnostic in three patients and negative in two. 
When jaundice had been relieved by a preliminary op- 
eration or before jaundice became severe, an intra- 
venous cholangiogram was abnormal in all six patients 
in whom ducts were visualized. 


Classification and Treatment 


Methods of treatment varied, depending upon the 
location of the tumor in the ductal system. Therefore, 
the 63 cases have been grouped into (1) upper one- 
third or confluence of hepatic ducts, 34 cases; (2) 
middle one-third, region of cystic duct down to pan- 
creas, 13 cases; (3) lower one-third or intrapancreatic 
duct tumors, 13 cases; (4) extensive intraluminal papil- 
lary tumors, 3 cases. 


Tumors of Hepatic Ducts (upper one-third tumors) 


Thirty-four tumors in this series were situated at or 
very near the confluence of the right and left hepatic 
ducts with the common hepatic duct. Preliminary op- 
erations were performed on 25 patients; some under- 
went more than one procedure (Table 2). The true 
neoplastic nature of the obstructing lesion was identified 
by positive tissue biopsy in only eight patients. In the 
17 other patients undergoing preliminary operations, a 
neoplasm was at times suspected but not proven, either 
because a biopsy was not taken or the biopsy did not 
contain tumor. 

Concern for a definitive diagnosis of the obstructive 
jaundice, necessity of further treatment of the obstruct- 
ing lesion, or incompletely relieved jaundice prompted 
the referral of these patients after the preliminary opera- 
tion (Table 3). Some patients had more than one pro- 
cedure; one patient died from a massive pulmonary 
embolus while awaiting operation. 

Postoperative complications occurred in 16 patients. 
These were most frequently related to infection in the 
ductal system (cholangitis) or in the right subhepatic 
space or the wound; biliary fistulae; or bleeding from the 
upper gastrointestinal tract, usually occurring with sep- 
sis. Seventeen patients did not have postoperative com- 
plications. 

After operation there was relief of jaundice in 15 pa- 
tients, partial relief in nine, and no relief in six patients. 
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Five patients died during the first month after opera- 
tion of causes directly related to the procedure, and there 
were 23 late deaths (Table 4). Five patients are alive at 
2, 3, 7, and 7 months and 4% years after operation. 


Middle One-Third Lesions 

In 13 patients, the tumor was classified as occupying 
the middle one-third of the extrahepatic ductal system, 
this being considered roughly the region from the cystic 
duct down to the superior border of the pancreas. 

Preliminary operations were performed on all 13 pa- 
tients; some had more than one procedure (Table 5). 
Biopsies were attempted in five patients, and tumor tis- 
sue was identified in two. Sécondary operations per- 
formed after referral are listed in Table 6. 

Seven patients had postoperative complications, again 
usually consisting of biliary, peritoneal, or wound sepsis 
occurring at times: with upper gastrointestinal hemor- 
rhage. Six patients recovered without complications. 
Jaundice was relieved in 11 and partially relieved in 
two patients. Palliation was considered excellent in three, 
good in seven, and fair in orie. There was one postopera- 
tive death at 1 month after operation. The other 12 
patients died after the period of survival listed in 
Table 7. 

Chemotherapy (intravenous 5-fluorouracil) provided 
symptomatic improvement for 4 months in one patient 
but was ineffective in a second patient. 


Distal One-Third Lesions 

In 13 patients, tumors were located in the intrapan- 
creatic or distal one-third of the ductal system. Prelimi- 
nary operations were performed in seven patients and 
are listed in Table 8. Secondary or definitive operations 
were perfortned in 11 of the 13 patients for further 
evaluation (Table 9). In two patients, secondary opera- 
tive procedures were not indicated. There were no post- 
operative complications in seven patients. Non-fatal com- 
plications developed in four patients; two had wound 
infections, and two had intraperitoneal abscesses occur- 
ring with a biliary or pancreatic leak, one with hepatic 
coma. 

Jaundice was relieved and the period of palliation was 
considered good or excellent in all 11 patients operated 
upon. 

X-ray therapy helped to decrease pain in the one 
patient on whom it was performed. No response was 
noted from 5-fluorouracil injections in three patients. 
Eight of the patients have died (Table 10), and five 
patients are alive 1, 1, 2, 10, and 15 years after pan- 
creaticoduodenectomy. 


_ Papillary Tumors 


Extensive intraductal papillary tumors were encoun- 
tered in three patients. A preliminary operation was per- 
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TABLE 2. Preliminary Operations Performed e 


Number of Times 


Procedure Performed 
Exploratory laparotomy only 1D) 
Exploration common bile duct 15 
Cholecystectomy 6 
Duct-enteric bypass 1 (1) 
Insertion of T-tube 14 (14) 
Dilatation of obstruction + T-tube 2 (2) 
Cholécystojejunostomy 1 (1) 

Biopsy, positive 

Biopsy, negative or omitted 17 


Parentheses refer to number of times performed as a 


procedure, 


formed on one of these patients for the removal of a 


gangrenous acalculous gallbladder. The common duct:; | 
was explored and a positive tumor biopsy obtained. At. 


the definitive operation, positive biopsies were obtained 


in the other two cases. A choledochojejunostomy with a = 
Roux-en-Y limb was performed in one case. T-tubes wére f 


inserted through tumor in the common ducts. of -the 
other two patients. Jaundice was relieved by the choledọ- 


chojejunostomy. T-tube insertion relieved jaundice i in one ` 


patient and gave partial relief in the other, -Palliatiori..- 
was sensdered good in one and fair in two. ‘patients: 


One patient is alive 5 months after choledochojejunos- 


tomy. The other two are dead, one at 10 months, oy i 


other at 2% years after T-tube insertion. 


Hepatic Resection 


Hepatic resection was performed in 13 aT asa. 
part of a palliative operation to enable the creation of 
an intrahepatic biliary bypass or as a part of an opera- | 


tion for resection of the tumor. 


Partial resection of the left lobe (9 cases) or the rights l 


lobe (2 cases) followed by intrahepatic cholangiojejundés- 


tomy was generally ineffective as a palliative bypass _ 


TABLE 3. Secondary and/or Definitive Operation Performed 


Procedure Performed 
Exploratory laparotomy only 2 (2) 
Exploration common bile duct 15 
Cholecystectomy 4 
Duct-enteric bypass 3 (3) 
Insertion T-tube in duct 16 (11) 
- Dilatation duct insertion T-tube 2 (2) 
Resection tumor, duct-enteric anastomosis 4 (4) 
Rt. hepatic lobectomy, duct-enteric 
_ anastomosis 1 (1) 
Hepatic resection, cholangiojejunostomy 8 (8) 


3/4 hepatectomy, rt., duct-enteric 
anastomosis 
Hepatic artery cannulation 


1 (1) 
1 (1) 


Parentheses refer to number of times performed as principal proce: 


dure. 


Number of Times ~x 


340 i 
© TABLE 4. Period of Survival from Operation to Death 
Number of 
Period Patients 
0-3 mos. 1i* \ 
` 3-6 mos. 2 
6-9 mos. 5 
9-12 mos. 2 
1-2 yrs. 6 
2-3 yrs. Í 
15 yrs. 1 
Total 28 


* Includes five operative (within 1 mo.) deaths 


procedure. Severe postoperative complications consisted 
: of one or more of the following and occurred in all but 

two patients: wound or intraperitoneal abscesses, bili- 

ary fistulae, gastrointestinal hemorrhage, and hepatic 
insufficiency. Five patients died within 30 days of causes 
. directly related to the operative procedure. ‘Four patients 
-suzyiyed the operation 5 months or more, including one 
patient ‘who died 2% years after operation and one who 
is still alive at 4% years. 

. Two conditions must be present for intrahepatic 
_cholangiojejunostomy to be successful: (1) there must 
*:bé-free communication between the left and right intra- 

hepatic ductal systems, and (2) the intrahepatic ductal 
“system must’ be dilated. None of the eight patients with 

lesions in the upper one-third of the ductal system had 
` free communications of the left and right intrahepatic 
ductal systems, a condition that probably accounts, in 
part, for, the poor results obtained. Two of the three 
1 “patients undergoing this operation for lesions of the mid- 

.°@leone-third of the ductal system, with good communi- 
s gation of the left and right intrahepatic systems, re- 
i “tegived significant periods of palliation (9 months, 2% 

years): 

; s, ‘Two attempts have been made to combine major he- 
= -patic resection with resection of the tumor. One patient 
died 1 month after excision of the hilar tumor and left 
se ~ hepatectomy followed by an anastomosis of the stump 
of right hepatic duct to a Roux-en-Y jejunal limb. The 


E 


“$i . TABLE 5. Preliminary Operations Performed 


Number of Times 
Performed 


‘Exploration common bile duct 5 (5) 
Cholecystectomy 2 


a Procedure 


' "Insertion T-tube 6 (6) 
Sphincterotomy papilla of Vater 1 (1) 
‘Incision, drainage intrahepatic bile collection i (1) 
Biopsy, positive 2 
_ Biopsy, negative 3 


e Parentheses refer to number of times performed as principal 
procedure. 
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TABLE 6. Secondary or Definitive Operations Performed 


Number of Times 


Procedure Performed 
Exploration common bile duct 3 
Cholecystectomy 2 
Insertion T-tube 4 (3) 
Duct-enteric bypass 3 (3) 
Resection tumor duct-enteric anastomosis 4 (4) 
Hepatic resection, cholangiojejunostomy 3 (3) 


Parentheses refer to number of times performed as principal 
procedure. 


second patient, described in detail in a previous section, 
is alive 8 months after resection of the hilar tumor and 
the right three-fourths of the liver, including the right 
lobe and the medial segment of the left lobe. The ducts 
of the lateral segment of the left lobe were anastomosed 
to a Roux-en-Y jejunal limb. 


Discussion 


Bile duct carcinomas in the distal one-third or intra- 
pancreatic portion of the common duct must be differ- 
entiated from benign lesions such as impacted stones, 
chronic pancreatitis, and posterior penetrating duodenal 
ulcers. It usually is not possible at the time of operation 
to differentiate this tumor from the much more common 
carcinoma of the pancreas, but if benign conditions are 
ruled out and there is no evidence of cancer spread out- 
side of the area to be resected, pancreaticoduodenec- 
tomy is indicated, A positive biopsy is comforting but 
not essential before embarking on this extensive pro- 
cedure. The presence of tumor was confirmed in eight 
of our 11 patients with intrapancreatic bile duct tumors 
who had definitive operations. The important criteria in 
establishing the diagnosis and determining the resecta- 
bility of bile duct tumors in this location are 1) the 
presence of local or disseminated tumor, 2) a negative 
history and absence at operation of cholecystitis and 
cholelithiasis, 3) the appearance of a generally dilated 
ductal system, and, most importantly, 4) visualization of 


TABLE 7. Period of Survival from Operation to Death 
D Ee ste A i el re 


Number of 
Period Patients 
a ee sien ee a eae eC, aT ee See 
1-3 mos. 1 ` 
6-9 mos. 2 
9-12 mos. 2 
1-2 yrs. 2 
3-4 yrs. 2 
4-5 yrs. 1 
5-6 yrs. 2 
11 yrs. 1* 


eo eh ate ak ee 
* Patient died after removal of intrapancreatic recurrence of tumor 
11 years after original tumor resection and choledochoduodenostomy. 
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the site of distal obstruction as demonstrated by percu- 
taneous or operative cholangiography. 
Tumors in the middle one-third or in the common 


' hepatic duct must be differentiated from sclerosing cho- 


ledochitis and, possibly, primary biliary cirrhosis, Scleros- 
ing choledochitis unassociated with a disease such as 
ulcerative colitis or retroperitoneal fibrosis is rare. As 
Altemeier and associates! have indicated, the majority 
of such supposedly benign sclerosing obstructions even- 
tually are proved to be primary bile duct carcinomas. 
Diffuse irregular narrowing and displacement of the duct 
as demonstrated by operative or percutaneous cholangi- 
ography suggests the proper diagnosis. 

Tumors of the upper one-third involving the common 
hepatic duct, left and right. hepatic ducts, and their 
confluence are the most easily overlooked of these tu- 
mors. They may be difficult to palpate or to see until 
the hilus of the liver is dissected extensively. An opera- 
tive cholangiogram may be interpreted erroneously as 
entirely normal if free passage of the dye from the 
common duct into the duodenum is the only criteria 
sought; therefore, before a cholangiographic study is 
considered, complete free flow of dye into the left and 
right intrahepatic ductal systems also must be demon- 
strated. If necessary, the possible site of a high duct 
obstruction can be demonstrated by an operative chol- 
angiogram made with the head of the operating table 
lowered and the hepatoduodenal ligament temporarily 
occluded with a non-crushing clamp distal to the point 
of dye injection. The dye can then be demonstrated to 
flow freely into the intrahepatic ducts or to be stopped 
at the hilus by an obstructing lesion. Percutaneous chol- 
angiography is diagnostic of tumors when dilated intra- 
hepatic ducts are demonstrated above a hilar obstruc- 
tion; conversely, when intrahepatic ducts cannot be 
demonstrated on percutaneous cholangiography, the 
study is, unfortunately, nondiagnostic. 

In the upper one-third region the two most important 
lesions to be differentiated are (1) primary biliary cir- 
rhosis and (2) a benign sclerosing obstruction. A proper 
cholangiogram will rule in or out the possibility of an 
obstructing lesion. If no obstruction is present, a primary 
biliary cirrhosis is a strong possibility. A localized ob- 
structing lesion, as previously indicated, usually is caused 
by a neoplasm, 

The results of wide en bloc resection of bile duct 
tumors in the distal one-third demonstrate the effective- 
ness of this type of excisional treatment for primary bile 
duct tumors. Ten of the. eleven patients operated upon 
with lesions in the distal one-third of the duct lived more 
than a year, and five of nine patients treated by pan- 


. ereaticoduodenectomy are alive from 1 to 15 years after 


operation. 
Resection of the tumor was possible in only four of 
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TABLE 8. Preliminary Operations Performed n 





Number of Times 


Procedure Performed 
Exploration common bile duct 6 
Cholecystectomy 1 . 
Cholecystojejunostomy 2 (2) 
Cholecystoduodenostomy 1 (1) 
Insertion T-tube 4 (4) 
Biopsy, positive 5 
Biopsy, negative 2 


Parentheses refer to number of times performed as principal 
procedure. 


the 13 patients with lesions of the middle one-third. 
Further resections were limited by involvement of the 
adjacent hepatic artery and portal vein in the hepato- ‘ 
duodenal ligament. These patients survived 1, 4, 5, and 
ll years after resection. 


Three patients survived for more than 1 year after 
bypass procedures, and one is alive after 5 years. Thus, ` 
the results of both resection and of palliative. operations 


for lesions of the middle one-third have been satisfac- 
tory and, at times, surprisingly gratifying. 


Unfortunately, lesions occurring in the upper ‘one. 
third, the site of more than half (34/63) of the. tumors ;- , 


in our series, have been the most difficult to: treat. REL 


section of the tumor was possible in only six. patients, j 


and in two of these it was necessary to combine a major. 
hepatic resection with excision of the tumor. Eight of 
the patients who have died lived more than 1`year, one 
as long as 15 years. Five patients currently -are . alive, 


one 4% years after operation. The most frequently uti- 


lized operation was the insertion of a T-tube`( 13/34): ` 


through the obstructed area of the duct. Five of’ the: F 


patients lived less than 3 months; however, five lived ef a 


for 1 m or more. One patient lived for more than: De 


my w af 


was attended = a high rate of postoperative eae 
tions and deaths. In general, the patients did not. have’ 


i 


sigh 


the necessary ductal communications necessary. for the . z., 


success of this operation. Ragins and associates’ recently 
reported 11 intrahepatic cholangiojejunostomy proce- 


dures for malignant biliary obstruction, The right lobe - 


TABLE 9. Secondary or Definitive Operations Performed 


Procedure Performed 
Duct-enteric bypass 1 (1) 
Cholecystojejunostomy ££) 
Pancreaticoduodenectomy 9 (9) 
Enteroenterostomy 1 
Biospy, positive 6 
Biopsy, not performed or negative 7 


Parentheses refer to number of times performed as principal 
procedure. 


Number of Times ` 


*. 
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F e TABLE 10. Survival Period from Operation to Death 
Number of 
Period Patients 
6-9 mos. 1 
9-12 mos. 2 
j 1-2 yrs. 4 
2-3 yrs. 1 


et 


was used four times, the left lobe seven times, and there 

were three postoperative deaths. Their surgical mortal- 

ity rate was no worse for the procedure than for extra- 

hepatic biliary bypass operations performed at their in- 

-stitution. The average survival time for four patients 

with carcinoma of the common bile duct who underwent 

intrahepatic cholangiojejunostomy was 14.3 months. A 

complementary gastrojejunostomy was recommended, 

and it was suggested that in those situations in which 

„there is not free communication between the right and 

thè: left major hepatic ducts, a bilobal intrahepatic chol- 
angiojejunostomy be considered. 

- We would agree with those authors who have sug- 

, gested: that an attempt be made in carefully selected 

Ei cases. of lesions at the liver hilus to extend the limits of 

i eresection: to include major hepatic resections in an ef- 

fort to achieve results comparable to those after en bloc 

_resection of intrapancreatic bile duct tumors. Two opera- 

tions have been préposed, one of which has been per- 

: formed in a patient (Table 11, Case 13), that would 

7 E? p pamt resection not only of the duct and its tumor but 


LONGMIRE, McARTHUR, BASTOUNIS AND HIATT 


Ann. Surg. + September 1973 


also of the adjacent involved hepatic inflow blood supply 
and major segments of the hepatic parenchyma. In a 
second patient (Table 11, Case 12), a left lobar hepa- 
tectomy with excision of duct carcinoma and hepatico- 
jejunostomy was performed; however, the blood supply 
to the remaining lobe was not interrupted. Our anatomi- 
cal studies of the extraparenchymal hilar structures and 
their relationships have emphasized the extended seg- 
ment of extraparenchymal left hepatic duct that is avail- 
able for anastomosis above the confluence of the left, 
right, and common hepatic ducts. 


Summary 


A series of 63 patients with primary bile duct carci- 
nomas seen at the UCLA Hospital since 1955 have been 
analyzed and divided into four groups, depending upon 
the site of the tumor in the extrahepatic ductal system. 
More than half of the tumors occiirred in the upper one- 
third, while the other half was about equally divided 
between those occurring in the middle and lower thirds 
of the extrahepatic duct system. Three widespread intra- 
luminal papillary tumors have been placed in a special 
category. 

The signs and symptoms of bile duct tumors are very 
similar in all regions; however, the operative findings 
and the treatment differ, depending upon their location, 
The difficulties of establishing a correct diagnosis at the 
time of operation are again demonstrated in this series. 
Due to the slow growth characteristics of many of these 
tumors, extended periods of palliation resulted from a 


Hepatic Resections 








Left hepatic duct-jejunum 


fistula 


TABLE 11. 
a Case Procedure Location of Tumor Complication Period of Survival 
i 1 Partial left hepatectomy Confluence hepatic ducts Sepsis, coma 1 mo. 
cholangiojejunostomy bypass 
2 Partial left hepatectomy Confluence hepatic ducts None 4-1/2 yrs. alive 
cholangiojejunostomy bypass 
3 Partial left hepatectomy Confluence hepatic ducts Cholangitis, biliary fistula 2-1/2 wks. 
cholangiojejunostomy bypass . 
4 Partial left hepatectomy Confluence hepatic ducts G. I. hemorrhage 2 wks. 
cholangiojejunostomy bypass l 
5 Partial left hepatectomy Confluence hepatic ducts Sepsis, pelvic abscess 3 mos. 
cholangiojejunostomy bypass 
nn 6 Partial left hepatectomy Confluence hepatic ducts None 2 mos. 
> cholangiojejunostomy bypass | 
7 Partial left hepatectomy Middle 1/3 Sepsis, G. I. hemorrhage 1 mo. 
G cholangiojejunostomy bypass 
sr 8 Partial left hepatectomy Middle 1/3 Mild cholangitis 2-1/2 yrs. 
cholangidjejunostomy bypass 
9 Partial left hepatectomy Middle 1/3 Mild G. I. hemorrhage 9 mos. 
cholangiojejunostomy bypass l l 
10 Partial right hepatectomy Confluence hepatic ducts Abdominal abscess 5 mos. 
cholangiojejunostomy bypass 
11 Partial right hepatectomy Confluence hepatic ducts Cholangitis, wound infection, 1 mo. 
cholangiojejunostomy bypass G. I. hemorrhage 
12 Left hepatectomy Confluence hepatic ducts Sepsis, H. I. hemorrhage 1 mo. 
Right hepatic duct-jejunum 
13 3/4 hepatectoniy, right Confluence hepatic ducts Sepsis, hepatic failure, biliary 7 mos. alive 
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variety of procedures designed to bypass the obstruction 
in the biliary tract. The most commonly used palliative 


, procedure has been the insertion of a tube into the duct 
7 that passes above and below the tumor through the site 


of obstruction. 

The tumors are generally small, well-localized, and 
frequently slow-growing, Tumors in the lower one-third 
of the duct may be treated by radical en bloc resection 
(pancreaticoduodenectomy ) and offer the best progno- 
sis, both for long-term palliation and cure. 

More than half of the tumors in this series were lo- 
cated at or near the confluence of the hepatic ducts, and 
resection of the tumor was attempted in only six of 34 
cases. It is possible that, were procedures available that 
would permit a more extensive en bloc resection of tu- 
mors in the middle and upper thirds of the duct system, 
C the period of palliation might be extended and more 

“cures” obtained. Such procedures must take into ac- 
count that these small tumors often are not amenable to 
resection by present methods, not only because of their 
difficult position in the ductal system, but equally as well 
because they involve the critically important hepatic in- 
flow blood supply. Detailed anatomical studies of the 
hepatic ducts, arteries, and portal veins at the hilus sup- 
port the concept of combining extended hepatic resec- 
tion with tumor excision and including segments of the 
hepatic blood supply in selected patients with tumors in 
the upper one-third of the duct. Operative procedures 
for resection of the right and left lobes have been pro- 
posed. One such operation has been performed; in a 
second patient, hepatic lobectomy and tumor excision 
were performed without interruption of the blood sup- 
ply to the remaining lobe. 
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Our emphasis should be directed towards the diagnosis of this 
condition to attempt early repair of the problem or removal of 
the lesion. Judicious use of percutaneous transhepatic cholangiog- 
raphy, in our experience, has been somewhat helpful; not always 
as helpful as we would like it to be, but at least it gives us a clue. 


Our use of liver scans and angiography have not been as helpful x£. 
ink pi 


whenever there is a question about it, if we expect to do much: 


as we would like. They have given us very little to go on. I 


for these people, they should be operated upon as early’ as 
possible. l 


Whelton, M. J., Petrelli, M., George, P., Young, W. B. and 


I would like to congratulate Dr. Longmire on their attempt to 


develop an orderly technic as an approach to these problems, 
Perhaps those of us who have seen and heard the presentation. 
will think about it for awhile, perhaps we may get a few more 
palliative results and maybe a few more cures. Dr. Walters pointed 
out a number of years ago that since these are low grade lesions, 
they grow slowly; that even an attempt at palliation can be very 
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helpful and at that time he reported the case of one patient that 
lived 4% years after a bypass type of procedure. 


Dr. KENNETH W. Warren (Boston): This paper by Dr. Long- 
mire and his associates covers a diffcult surgical problem superbly. 
I find it rather difficult, despite a moderate experience in the 
treatyhent of carcinoma of the bile ducts, to add to what they 
have said and even to disagree substantially with their basic con- 
clusions. 

Dr. Braasch, Dr. Ross and I recently reviewed the records of 103 
patients with carcinoma of the proximal bile ducts at the Lahey 
Clinic over a 15-year period. Previously we had reported 26 
pancreaticoduodenal resections for carcinoma arising in the distal 
common duct in which 36% of the patients suitable for 5-year re- 
sults lived 5 years or longer. Our experiences with cancer in the 


` proximal segment of the bile ducts, on the other hand, parallel 


very closely those of Dr. Longmire. Of 103 proximal carcinomas, 
three arose in the left hepatic duct, four in the right hepatic duct, 
46 at the confluence of the two ducts, 24 occurred in the com- 
mon hepati¢ duct and 15 at the junction of the cystic with the 
common hepatic duct and only eight in the supraduodenal seg- 
ment of the common duct. All of these were adenocarcinomas; 66 
were moderately well differentiated tumors and 35 were poorly 


-. differeniated tumors. 
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-u Although the mean survival of the two groups was similar, 


based ;on the histologic difference, only one patient with a poorly 


_ differentiated cancer was alive and well 5% years after removal. 
` Conversely, -of the patients with well differentiated histologic tu- 


' “mors, one died 4% years, one 7 years and two 9 years after 
` operation. Two are alive with evidence of persistent disease, 4 and 
z.B, years respectively, and two are alive 5 and 6 years without 
‘symptoms. . 

“\ The relationship of the type of procedure employed and the 


` long-term ‘palliation or cure, with some exceptions, was essen- 


-` 


. ‘tially as follows: The resection of the tumor by a pancreato- 
>r duodenal. resection, by segmental excision, or by a partial hepatec- 
-tomy or hepatic lobectomy gives the best results. Unfortunately, as 


Dr. Longmire pointed out, these tumors all too frequently are at 
the confluence of the right and left duct and these radical pro- 
cedures. are not always possible. It is for that reason that we wel- 
come -the recommendation that he has made with respect to these 
tumors and we shall follow carefully the long-term results. 

The next best results are obtained by bypass, either choledocho- 


:` or hepatocho-enterostomy over a T-tube, a Y or a modified Y tube. 
- The 


ilatation and intubation with the T-tube a Y or a modified 
Y-tube, may, as pointed out, give long-term palliation. The crea- 


` tion of external fistulae on the other hand gives the highest mor- 
‘tality and the least salvage. Three of five patients in whom only a 
i” biopsy was performed in our group of patients lived 1 year longer. 


In summary our experience has been very much like Dr. Long- 


| “mwnire’s, Earlier diagnosis would be helpful and perhaps extending 


. the radical operation will have some application in the carefully 
` selected patient. 


Dr. W. Crayton Davis (Omaha): I would like to emphasize 
just one aspect of this excellent study of primary bile duct car- 
cinoma. 
~ ‘Altemeier, Klatskin and now Longmire and a few others have 
éniphasized the failures to diagnose adenocarcinoma at the bifur- 


cation of the hepatic duct. Most often this is called sclerosing 


cholangitis. 
(Slide) Over the last 9 years, I have seen 11 patients who 
proved to have carcinoma of the hepatic duct bifurcation after 


_ . carrying the diagnosis of sclerosing cholangitis for long periods 


and after several operative biopsies, 

Until surgeons and pathologists question the existence of a 
specific disease entity, that is, sclerosing cholangitis, it is im- 
probable that many of us will take an aggressive approach in 
this region and therefore the beautiful treatments outlined by 
Dr. Longmire and his co-workers will not be applied as often as 
they could be. 
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Dra. Witr1am A. ALTEMEIER (Cincinnati): Carcinoma of the 
bile duct is a relatively rare but serious and challenging lesion. 
Dr. Longmire and his group’s experience with 62 patients seen since 
1965 is truly remarkable, and their report with its anatomical 


studies and operative recommendations for surgical procedures 


should be helpful to all of us who practice abdominal surgery. 

The information regarding the anatomical variations and the 
relationship of the biliary duct to the hepatic artery and portal 
vein are particularly helpful in this area because of the dense 
scarring that is usually associated with these carcinomas at that 
level. 

Our experience with the lesion has also been recently sum- 
marized, and the complications of these carcinomas which not 
infrequently remain localized for long periods are related to ob- 
structive jaundice, biliary cirrhosis, perihilar cicatrization, and 
infection. The usual cause of death is either infection, uncontrolled 
sepsis, or hepatic failure. 

The extreme degree of emaciation developed by these patients 
is depicted in this slide. This patient had a carcinoma of the left 
main hepatic duct which I resected, and I believe he is the first 
case shown on Dr. Longmire’s table since it had been reported by 
Doctor Schiff and Dr. Mistillis. He lived for 2% years after a left 
lobectomy. 


I cannot emphasize or re-emphasize more the comments that ` 


Dr. Longmire and the discussers have made of the value of early 
and definitive diagnosis of this lesion. The best method in my 
experience has been by transhepatic cholangiography. 

This transhepatic cholangiogram was obtained in a patient who 
had a carcinoma of the left hepatic duct. It was resectable with a 
left lobectomy and was the second patient in whom I have done 
a left lobectomy. He is still living 3% years after operation. The 
surgical specimen of this lobectomy shows the carcinoma still 
localized but close to the line of resection. 

Lesions of the lower third of the common duct are much harder 
for us to recognize because usually they are associated with dis- 
eases of the gallbladder, evidence of pancreatitis, or some other 
lesion which clouds the diagnosis. Such was the case in this dia- 
betic patient with a gangrenous gallbladder and pericholecystic 
abscess who was also found to have an apple core lesion of the 
lower third of the common duct. (Slide) 

The last slide emphasizes the point that the last discusser made 
concerning the close similarity of this lesion to sclerosing cholan- 

itis. 
J Pathologists may interpret this pseudoductal proliferation of 
these tumors as a benign process. If you have a problem, the 
AFIP may be helpful in arriving at a definitive diagnosis of scle- 
rosing carcinoma, if one is present. l 

I want to compliment again the authors for their excellent and 
informative paper. I would like to ask them how often biopsies of - 
these lesions are given an equivocal or wrong diagnosis by their 
pathologist. I would also like to ask how many of the patients 
were diagnosed as having sclerosing cholangitis only to be de- 
termined later to be sclerosing carcinoma of the bile ducts. 


Dr. Rosert C. Hickey (Houston): For many years we have 
admired the studies of Dr. Longmire and his colleagues on this 
general problem. I believe our admiration has increased today. 

Dr. David Harshaw of the Downstate Medical Center in New 
York and I have some data from the Anderson Hospital that we 
would like to share with you. And, I have four slides. 

The first slide shows in a smaller (22) number of patients, in a 
background interestingly enough of 100,000 patients with cancer, 
the distribution of carcinoma of the extrahepatic biliary duct sys- 
tem. It is quite similar. There are certain i Senne which can 
be made in this group of patients. Namely, number cne, that they 
are usually operated upon prior to the time they are sent to a 
referral center. Secondly, as Dr, Altemeier has said, death is due | 


to liver failure and infection. Cancer, as we know carcer, does not,” 


cause death, 
The age of these patients is about 60 years as an average, but 
the spread in our group is from 22 to 79. In this group of patients 
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we have had a median survival overall of 6 months; average of 
10% months. 

The therapy that we are directing our attention toward is 
decompression of the liver. At times nature performs some very 
interesting experiments. We have had one patient who lived longer 
than the average and seemingly had done well with high energy 
22. MeV therapy, but at the time of autopsy an anomalous duct 
had decompressed the liver into the gallbladder bed, and thus the 
patient’s life was extended. Death finally occurred when the cystic 
duct and common duct juncture became blocked by cancer. 

We have turned our attention to an operative procedure— 
originally, we had thought this was original with us but we have 
found this described in the literature by Smith (Smith, R, Sur- 
gery of Gall Bladder & Bile Ducts, Edited by Smith & Sherlock, 
Butterworth, Washington, D. C.) 

Using primates in an attempt to develop an experimental model, 
we have placed an Ameroid ring, around the common duct and 
as the casein swells gradually an occlusion occurs, simulating 
cancer. 

This slide shows the dilatation of the extrahepatic ducts, as one 
would view it at the end of 12 days. The next slide shows the 
anastomosis and decompression procedure that is carried out. You 
can see the common duct tied off here, then an opened subvesicle 
duct decompressing via the gallbladder bed, thence from the gall- 
bladder into the gut through the Roux-en-T anastomosis. 

We have had 3 primates that have lived 3 years, and are in 
good health, with this procedure, 


Dr. Wii1AM I. Worrr (New York City): I would like to ad- 
dress myself to the diagnostic aspect of this disease so beautifully 
demonstrated by Dr. Longmire in his operative dissections. 

The key to surgical treatment for this lesion, a slowly growing 
tumor which extends and propagates along the biliary ducts, is 
early and accurate anatomical diagnosis. 

Dr. Altemeier has shown you some very beautiful demonstra- 
tions of transhepatic cholangiography. We have found that the 
combined use of endoscopy, cannulation of the ampulla of Vater 
and retrograde visualization of the biliary ducts, plus transhepatic 
cholangiography can delineate with a reasonable degree of ac- 
curacy the precise anatomical location and extent of these lesions 
and perhaps bring a larger number of these patients to operation 
at an earlier date. 


Dr. Micuar. S. McArruur (Closing): We thank the dis- 
cussants for their comments. In particular, Dr. ReMine, Dr. Davis, 
Dr. Hickey and Dr. Wolff, for joining with us in re-emphasizing 
that an all-out effort at preoperative diagnosis should be under- 
taken. 

Dr. ReMine, in our institution, also, percutaneous cholangiog- 
raphy was the most accurate preoperative diagnostic procedure. 
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Dr. Warren, we thank you for adding your extensive ęxperi- 
ence to that which we presented. 4 

Dr. Altemeier, in regard to operative diagnosis, we had biopsy 
proven carcinoma in only a third of the patients at the time of 
the first procedure. 

We would like to point out that our anatomical dissections were 
limited to 30 cases, but in those we paid particular attention to 
the bile ducts at the site of emergence from the liver parenchyma 
down to the confluenze of the right and left hepatic duct, and in 
particular, this relationship to the surrounding vessels, 

The first slide reveals the three types found. 

Type “A,” the most common type, revealed a left hepatic duct 
which divided, sending its major branch beneath the left branch 
of the portal vein. 

In type “B” the left hepatic duct sent its major branch parallel 


to the portal vein, and in Type “C” the left hepatic duct divided. 


into two separate and equal branches. 
A review of the literature revealed six cases of extended hepatic: 


lobectomy for carcinoma of the extrahepatic biliary tree with a . 


biliary duct anastomosis. However, in our case as Dr. Longmire 
has pointed out, we were prepared to perform an en bloc re- 


section of the tumor, the bile duct, hepatic artery and the portal . . 
vein. In our patient it was not necessary to resect the hepatic | 


artery and this patien? is alive and well 11 months postoperatively. 
Our results with left hepatic lobectomy and intrahepatic cho- , 
ledochojejunostomy for carcinoma of the intrahepatic ducts. has 
not been satisfactory. This is due in part to the common occur- 
rence of the lack of communication between the: right ‘and left 
ductal system, due to the primary invasive nature of the tumer.. 


With the systems obstructed, a left hepatic anastomosis drains ¿> 


only a small pin of tke left lobe. eee he” 
The second slide shows our experience with this procedutre:and, 


in particular, note the frequency of severe complications.. The” - 


third slide is a continuation of this experience. 

We feel that to be effective there must be communication. b2- 
tween the right and left dilated systems. The most promising 
situation is when the tumor arises in the middle third of the’: 
common bile duct, and communication between the right and left: 
lobes still exists. 3 

Of three instances in which this was followed, one 
vived 2% years and another for 9 months. aes 

Our approach to the management of these tumors is influenced . 


patient sur- 
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by the fact that most of them grow slowly involving surrounding 


structures by direct spread, rather than by blood bome or lymph 
borne metastases and that the tumor may be quite small when, 


symptoms of biliary obstruction first appear. T 


Each case must bə individually assessed with a view to per- 
forming an en bloc resection with the hope of curing the tumor 
or of providing an extended period of palliation with relief of, 
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jaundice and freedom of pain and a general feeling of well-being: 7% 
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Reasonable Surgery for Rhabdomyosarcoma: 


A Study of 67 Cases 


JAMES W. KILMAN, M.D.,* H. WILLIAM CLATWORTHY, JR., M.D.,** 
WILLIAM A. NEWTON, JR, M.D.,7** JAY L. GROSFELD, M.D.t Yy 


HABDOMYOSARCOMA is the most common soft tissue 
sarcoma seen in infants and children. This tumor 

has a propensity for local recurrence and the patients 
usually die with distant metastases. In the therapy of 
ered ( Wilms’ tumor) in children, it has been 
found that prophylactic radiation therapy and chemo- 
-therapy can control local disease and protect from meta- 
static disease which also occurs in these tumors. In an 
effort to achieve similar favorable results in rhabdomyo- 
- sarcoma the use of prophylactic chemotherapy and ra- 
_ diation therapy was instituted in 1965 at The Columbus 
: Children’s Hospital. Prior to 1967, 29 children with 
‘rhabdomyosarcoma were seen at this institution and 
treated by a variety of methods including conventional 
_ Fadical surgery. In these patients 58% (17 of 19) died 
within 1 year of diagnosis and only 14% (4 of 29) sur- 
“4aved for 5 years, With this dismal experience in mind, 


k a a planned protocol for the management of patients with 


rhabdomyosarcoma was established at this institution. 
This program consisted of (1) complete removal of the 
tumor if possible and re-resection if indicated at a later 
. date;.(2) radiation with a corrected for age tumor dose 
‘to the primary site and known metastatic site; (3) pro- 
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phylactic chemotherapy consisting of repeated cycles of » 


actinomycin D and vincristine sulfate initiated in the 
immediate postoperative period and persisting for 1 
year, Since the adoption of this mode of therapy, 38 pa- 
tients have been treated for rhabdomyosarcoma. Thirty- 
one of these have been treated by the established proto- 
col method and 28 have survived (81% survival rate). 
These observations suggest that the use of prophylactic 
chemotherapy and local radiation therapy similar to that 
employed for the management of Wilms’ tumors when 
combined with reasonable surgical treatment will result 
in excellent survival rates and less destructive and dis- 
figuring operations in the future. 


Clinical Experience 


This study concerns 67 infants and children who have 
been treated at The Columbus Children’s Hospital from 
the years 1948 through 1972. There were 35 boys and 
32 girls in this series. A previous report from this institu- 
tion in 1969 concerned 42 of these cases.* No patients 
have been lost to follow-up and this review concerns all 
of the patients treated prior to November of 1972. The 
use of prophylactic chemotherapy and radiation therapy 
similar to that employed in Wilms’ tumors was initiated 
at The Columbus Children’s Hospital in 1965. Previously, 
these patients had been managed in a variety of ways 
including radical surgery, some radiation therapy and 
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Fic. 1. Age of onset in this series of patients. Note that six of 
seven infants are alive. after use of protocol therapy and that 
there are survivors regardless of age at the time of diagnosis of 
the tumor. 


the sporadic use of palliative chemotherapy. In 1967 a 
planned treatment protocol was developed in conjunc- 
tion with Children’s Cancer Study Group A.* This con- 
sisted of initial and complete removal of all gross tumor; 
radiation therapy with a corrected-for-age tumor dose 
usually 2500 to 4000 rads to the primary site and prophy- 
lactic cyclic chemotherapy with actiriomycin D and vin- 
cristine sulfate (more recently cyclophosphamide has 
been added as recornmended by the Study Group), Our 
case material has been analyzed and the results achieved 
in patients treated prior to the establishment of this 1967 
treatment protocol have been compared with those pa- 
tients managed on the established protocol since 1967. 
Such variables as the age of the patient at the time of 
primary diagnosis, the stage of the disease as indicated 
by the surgeon at the time of primary diagnosis, the site 
of the tumor, the specific cell type of rhabdomyosarcoma 
and the type of surgical therapy given to each of these 
patients have been evaluated. 


Age 

Rhabdomyosarcoma has occurred in this series of pa- 
tients from as early as 3 weeks of age to 14 years of age. 
One-third of the 67 cases were under 2 years of age. 
Prior to 1967 there were no survivors when the tumor 


TABLE 1. Survival Related to Stage of Disease at Diagnosis 
Prior to 1967 Since 1967 
. Per cent Per cent 
Number Survivors Number Survivors 
- Stage I 13 30 23 86 
Stage II 9 0 12 58 
Stage III 7 0 3 0 
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was diagnosed under 1 year of age. Since the estabjish- 
ment of the protocol, the majority of these infants (6 of 
7) are surviving. Similar good results are being observed 
in the older childhood group (Fig, 1). 


State of Disease : 


All patients have been grouped according to the stage 
of their disease as determined by thë surgeon at the time 
of original diagnosis. Stage I represents localized dis- 
ease; Stage IT represents tumors with local extension or 
with regional lymph node involvement; and Stage MI 
includes patients with disseminated or metastatic in- 
volvement at the time of primary diagnosis (Table 1). 
It can be observed that survival was only possible in. 
Stage I disease prior to the adoption of protocol therapy. 
Since 1967 and the use of radiation arid prophylactic 
chemotherapy in addition to operation, there has been 


an 86% survival rate in Stage I disease and a 58% survival 


rate in Stage II disease. The survival rate in Stage III or.’ 


disseminated disease is still dismal and we have had no - 


survivors if the tumor was found to be wide- prear at 
the time of diagnosis. 


Cell Type 


The tumors have been grouped as to cell type by the 
classification as proposed by Horn and Enterline in 1958 
including three main cell types: alveolar, embryonal and 
pleomorphic” (Table 2). Prior to 1967, cell type seemed’ 
to be an important factor in survival and there was a 


60% survival rate with alveolar types of rhabdomyosar- _ 


coma although the majority of the rhabdomyosarcomas .. ` 


were of the embryonal variant. Since 1967, the majority , 


of the tumors have been classified as embryonal and it 
is interesting to note that the cell type no loriger seems 
to be an important factor in survival. The recerit rate§ ' 
have been approximately the same for patients ve all 


three cell types. | E 


Tumor Site 
The distribution of the primary tumor site in this series 


of patients is summarized on Figure 2. Rhabdomyosar- 
comas more commonly arise in the head and neck, pelvic 


area and in the extremities. In this series of patients GA 


there does not seem to be any statistical difference in 
survival rates according to the tumor site but survival 


TABLE 2. Cell Types 
Prior to 1967 Since 1967 ` 
Per cent Per cent 
Number Survivors Number Survivors 
Alveolar 5 60 5 60 
Embryonal 14 0 24 75 
Pleomorphic 10 10 9 66 >» 


= 





© SITE % SURVIVORS 

PRIOR-I967-SINCE 

ORBIT 0% 66% 
HEAD + NECK 13% 55% 
BRONCHUS ~ + 100% 
CHEST . 0% 60% 
UPPER EXTREMITY O% 100% 
- ABDOMEN 0% 33% 
BLADDER + PROSTATE 25% 100% 
PERINEUM - VAGINA O% 75% 
TESTIS ~ 100% 
LOWER EXTREMITY 25% 100% 

TOTAL - 67 14%  76%° 


@ CORRECTED TO 71% BY LIFE TABLE METHOD 


Fic. 2. Distribution of the tumor site as found in this series of 
patients. 


‘is more closely related to stage of the disease at the time 


of diagnosis, Tumors occurring in the abdomen have a 
-poor prognosis presumably due to later diagnosis. Since 
p the adoption: of the 1967 protocol program, there has 
$ been a 100% survival rate in tumors occurring in the ex- 


ve ‘tremities, bladder and prostate areas, testis and bronchus. 
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“radiation therapy. The standard surgical procedure used 


Type of Surgery 


The type of operation performed was determined by 
the attending surgeon in each case. Most of these chil- 
dren had more than one procedure. Prior to 1967, opera- 
tion was considered to be the only therapy that resulted 


... in survivors and therefore surgical treatment was either 


very radical (including amputation) or consisted of bi- 
““opsy only for Stage III disease, Since the adoption of 
» the protocol in 1967, it became very obvious that reason- 
* able operation, including complete excision of the tumor 
as possible, resulted in as good a survival rate as radical 
operation used with prophylactic chemotherapy and 


= has been extensive local resection with an attempt to 
. conserve as much normal tissue as possible. No amputa- 
tions have been performed for extremity lesions since 
1967. For pelvic lesions, anterior exenteration with di- 
verting ilioconduit cutaneous ureterostomies have been 


a r used for most of the tumors of the bladder and prostate. 


We have not performed prophylactic pelvic inguinal or 
periaortic lymphadenectomies. Head and neck lesions 


_ have in general been treated by radical neck dissection 


only if involved nodes were present. From the analysis 
of our material in Table 3, it is obvious that good sur- 
vival rates can be achieved if there is adequate removal 
of all possible local tumor mass. Surprisingly, biopsy 
alone has provided a 33% survival rate in the series if 
the other adjuvants were used. Repeated local excision 
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of recurrent tumors has been part of the therapy and is 
performed as often as needed to control the local tumor 
mass. 


Summary of Therapy 


Prior to 1967 and during the period of haphazard 
therapeutic regimen, four patients underwent dperation 
alone and only one has survived. This boy is the longest 
survivor in this series and is alive 16 years after radi- 
cal cystoprostatectomy performed in 1957 by Dr. J. P. 
Smith.1 Three patients underwent operation with some 
palliative chemotherapy and none survive. Three pa- 
tients underwent operation and radiation therapy and 
only one still survives. Nineteen patients undérwent op- 
eration, radiation therapy and chemotherapy but not all 
were treated with prophylactic or repeated courses of 
chemotherapy. Two of these nineteen youngsters have 
survived. 

Since the adoption of the protocol therapy program 
in 1967, of 38 patients only 32 underwent the full course 
of protocol therapy. Protocol therapy at The Columbus 
Children’s Hospital has consisted of (1) complete re- 
moval of the tumor if possible with as much maintenance 
of normal anatomy as possible with re-reséction if indi- 
cated at a later date; (2) radiation therapy with a cor- 
rected-for-age tumor dose of 2500 to 4000 rads to the 
primary site and known metastatic sites if present; 
(3) prophylactic cyclic therapy of actinomycin D and 
vincristine sulfate initiated in the immediate postopera- 
tive period. Seventy-five milligrams per kilogram of ac- 
tinomycin D is given per course divided into five daily 
doses, This is followed by a 2-week drug-free period 
followed by 0.05 mg./Kg. dose of vincristine given at 
weekly intervals for 6 weeks. This 9-week schedule is 
then repeated for a l-year period. Recently cyclophos- 
phamide, as recommended by Children’s Cancer Study 
Group A, has been added to this therapy. Of the 31 fully 
treated children, 87% survive, four were known to have 
disease at the time of this review (Table 4). 


Discussion 


Prognosis arid the therapy of childhood rhabdomyo- 
sarcoma has been grim in the very recent past.’ Sixty- 


TABLE 3. Type of Surgery 
Prior to 1967 Since 1967 

Per cent Per cent 

Number Survivors Number Survivors 
Biopsy Only 10 0 9 33 
Incomplete Excision 6 0 7 86 
Complete excision 2 100 15 80 
Radical Excision 11 18 7 86 
Repeat Local Excision 11 9 3 100 
Metastatic Resection 3 33 3 33 


n 


` 


or 
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TABLE 4. Therapeutic Regimen 


Surgery, 
Radiation 
Surgery and Surgery and Cyclic 
Chemo- and Chemo- 
Surgery therapy Radiation therapy 
Prior to 1967 
Number 4 3 3 19 
Percent 
Survivors 25% 0% 33% 10%* 
Since 1967 
Number 1 2 4 3it 
Percent 
Survivors 100% 0% 25% 87% 


* Not all prophylactic chemotherapy. 
t Four patients with disease alive. 


four cases of rhabdomyosarcoma in children from multi- 
ple institutions were reviewed in 1965 by the Children’s 
Cancer Study Group A. There were only five survivors 
(7.8%) in this series of patients and all had been treated 
by complete surgical removal of the primary tumor. In 
74% of these patients, metastatic disease developed dur- 
ing the first 6 months following operation, and in 83% by 
I year.” Therapy for this tumor had usually consisted of 
radical surgery alone and adjuvant radiation and chemo- 
therapy has been reserved for recurrent or metastatic dis- 
ease. It was obvious that treatment must be initiated prior 
to the development of metastatic disease and since radia- 
tion therapy had been used with little constant success, 
prophylactic chemotherapy seemed to be the next step. 
It was rapidly becoming clearer with each passing month 
of protocol therapy that this embryonal type of sarcoma 
will respond to combined types of therapy as does the 
nephroblastoma or Wilms’ tumor. 

Tumors of striated muscles were first described by 
C. O. Weber in 1854. Most of these tumors were treated 
by surgical means but in 1950 Stobbe and Dargeon™ 
reported some rhabdomyosarcomas are relatively radio- 
sensitive."t In 1952, Pack? reported rhabdomyosarcoma 
in an extremity that had been cured by surgical excision 
and radiation therapy without amputation. D’Angio, 
Farber and Maddock? in 1959 first observed the favor- 
able synergistic effect of actinomycin D and radiation in 
the laboratory and applied this to the clinical manage- 
ment of neuroblastoma, nephroblastoma and rhabdomyo- 
sarcoma. Pinkel and Pickren®? in 1961 suggested that a 
combined program of operation, radiation therapy and 
chemotherapy should be used for the treatment of rhab- 
domyosarcoma. In the same year Goodwin® successfully 
treated a boy with prostatic rhabdomyosarcoma with 
multiple modalities including some radiation therapy, 
chemotherapy and radical surgery. In 1965 prophylac- 


‘tic and repeated courses of chemotherapy were added 


to the management of rhabdomyosarcoma previously 
treated by operation and radiation, It quickly became 
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obvious to us that the rate of survival was much better 
in the protocol-treated patients and this might well be 
related to the absence of pulmonary and distal metas- 
tases that commonly were seen in these patients and 
were usually present at the time of death in patients 
with rhabdomyosarcoma. Since the adoption of this pro- 
tocol therapy, 38 patients have been treated for rhabdo- 
myosarcoma. Only 11% (four of 38) have died during. 
the first year of therapy and 76% (29 of 38) are alive at 
the end of 5 years, corrected to 71% survival by the ac- 
tuarial life table method (Fi ig. 3). 


This type of therapy used in the extremely young age ... 


group is producing survivors for the first time in this’ 
institution. Similarly, the site of the tumor seems to have = 
little relationship to survival since the rate of survival - 


has improved regardless of location. By contrast, the 
Stage I tumor seems to have the best prognosis and an 


ow 


86% rate of survival has been achieved by use of the | 


protocol therapy. Stage II disease, in addition to some 


regional lymph node involvement can result in. better. f 


prognoses as indicated by the 58% survivorship ‘with-use 


of the protocol therapy in this series of patients: Stage. 


ITI disease is still grim and the survival rate is very poor, 


Cell types seem to have little relationship as to survivor", 


ship if the protocol therapy is used. 


Reasonable excisional surgery seems to remain thé 


E>. 


best method of initiating therapy of rhabdomyosarcoma; ` 


however, this may shortly change as several authors have 
initiated treatment with radiation, chemotherapy and 


follow-up operation with short-term success and less de- .. 


structive surgical treatment.* By reasonable operation, 
we imply removal of as much tumor as possible wi, 


maximum conservation of normal anatomy, -if feasible. . 
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Fic. 3. Life table survival curves for this series of patients. The 
upper curve represents the group of patients treated by reason- 
able operation, radiation therapy and prophylactic, cyclic chemo- 
therapy. 


350 : 
No amputations have been required with use of protocol 
therapy and we have been able to maintain a reasonable 
appearance of external genitalia in the management of 
the bladder, prostate and perineal rhabdomyosarcomas. 
One should remove as much gross tumor as possible at 
the primary procedure but it is obvious after review of 
our material that even though complete excision is ex- 
pected after a radical surgical procedure, residual tumor 
was still present in the line of resection. This does not 
seem to be an important factor in survival if adjuvant 


_ therapy is used following surgical therapy. It would 


seem to us that once the tumor mass is removed and 


radiation therapy and chemotherapy are instituted, the 


combination of this therapy and the body’s natural re- 
source can manage any microcopic residual rhabdomyo- 
sarcoma or any disseminated tumor cells that might be 
present. We have noted a paucity of pulmonary metas- 


_tases in our clinical material since the use of adjuvant 
`- therapy just as these pulmonary metastases have been 


controlled. in the therapy of Wilms’ tumors. Reason- 
able surgical treatment for childhood rhabdomyosarcoma 
without major mutilative surgery seems to be the answer 
as: long. as this operation is accompanied by radiation 
therapy: and prophylactic, cyclic chemotherapy. 


Summary 


- Childhood rhabdomyosarcoma has been treated in 67 
children at The Columbus Children’s Hospital in the 
period of time 1948 through 1972. Prior to 1967, 29 chil- 
dren with: this tumor were treated by a variety of meth- 
ods including conventional radical surgery. Fifty-eight 
per cent:died within 1 year of diagnosis and only 14% 
survived for 5 years. In 1967 the planned protocol was 


: __ instituted consisting of (1) complete removal of the 
| tumor. if possible and re-resection if indicated at a later 


| “dates? (2) radiation therapy with a corrected-for-age 


ta The 


tumor dose; (3) repeated cycles of actinomycin D and 
vincristine sulfate initiated in the immediate postopera- 
tive period. Since adoption of this mode of therapy 38 


DISCUSSION 


Dr, WiıLtaRn E. Goopwin (Los Angeles): The authors are 


"i $ to be complimented on their excellent results, I rise to speak about 


urinary diversion. “Reasonable surgery,” as we have heard in this 
excellent paper, advocates not being too radical; however, when 
the prostate or urinary bladder is involved with rhabdomyosar- 
‘coma, the surgery must be radical removal. Then urinary diversion 
has to be established. 

I wish to speak in favor of ureterosigmoidostomy for urinary 
diversion in children, instead of ureteroileocutaneous diversion, 
because I think that this type of diversion improves the quality of 
the patient's life. 

This slide illustrates an intravenous pai ia before uretero- 


_ sigmoidostomy in a young girl with a neurological bladder: Here 
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patients have entered the protocol therapy program with 
a diagnosis of rhabdomyosarcoma. Only 11% died within 
the first year of therapy and 71% are alive at the end of 5 
years. Cell type seems unrelated to survival. Reasonable 
surgery seems as good as radical surgery as far as sur- 
vival is concerned as long as adequate radiation therapy 
and the routine administration of multiple cyclic chemo- 
therapeutic agents are used. 
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is the excretory urogram 7 years later, nearly perfectly normal, 
and when, as in this slide, you see the patient herself, you can 
observe why a beautiful young pirk such ‘as this, would prefer 
not to have an external urinary collecting device. 

And here is a rhabdomyosarcoma of the prostate (I believe 
that it is the first 10-year cure of this dread disease). (Rhabdomyo- 
sarcoma of the Prostate in a Child: the First Five-Year Survival. 
J. Urol., 99:651, 1968). The patient had radical excision of the 
prostate seminal vesicles, bladder and bulbous urethra. He also re- 
ceived Actinomycin and radiation as advocated in this excellent 


paper. The urinary diversion was handled by ureterosigmoidos- | 


tomy. As you can see in these slides of him in his active teen-age 
life, he is a healthy, active young man who swims, water skiis, 
and rides his motorcycle without the necessity of wearing an ex- 
ternal urinary collecting device. | 


X 


non 
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Dr. Josep E. Munray (Boston): I wish to confirm this report 
of curability of rhabdomyosarcoma in children and cite our expe- 
rience at the Children’s Hospital Medical Center in Boston over 
the past 20 years. 

I have two slides to show. The first was shown last fall before 
the American College of Surgeons and analyzes head and neck 
thabdomyosarcoma. Notice there is a difference in curability de- 
pending on the anatomical site of the primary tumor. 

The next slide shows that prior to 1957, the time we devised 
a radical cranio-orbital resection for recurrent rhabdomyosarcoma, 
we had no cures. These patients were dying without distant me- 
tastases but with massive locally recurrent disease. 

Since that time, when we have added chemotherapy and radia- 
tion therapy to our radical surgery, we have six patients living 
and have lost only one. All survivors are between 5 and 12 years 
following treatment and are leading normal lives. 

The main point to stress is that rhabdomyosarcoma, especially 
in children, is curable and currently deserves the maximum of all 
three modalities of treatment, namely: adequate surgery, chemo- 
therapy, and irradiation therapy. 

Dr. Norman Jaffe, Dr. Robert Filler, the late Dr, Sidney Farber, 
and I reported our results before the New England Surgical 
Society (“Rhabdomyosarcoma in Children. Improved Outlook 
with a Multidisciplinary Approach,” American Journal of Surgery 
125:482, 1973). The figure is about the same as reported by 
Dr, Kilman—approximately 75% total survival using a combination 
of the three modalities. 

I cannot help but needle the authors about the term, “reason- 
able” surgery. I would presume that all surgical treatment is rea- 
sonable. If the authors wish to avoid the term “radical,” it is their 
prerogative, but I would hope that all surgical treatment is ade- 
quate, thorough, and complete. Nor can I subscribe to the authors 
thesis that multiple local excisions is an acceptable way of han- 
dling any tumor. One surgical resection should be sufficient, and 
it should be adequate and thorough. It should encompass the local 
tumor, and in the current state of knowledge, it should be per- 
formed in conjunction with complete chemotherapy and irradia- 
tion therapy as indicated for the specific tumor. 


Dr. ALEXANDER H. Brr (Seattle): I have enjoyed this paper 
and it points out what is now known about this tumor. I should 
like to add one or two things to this: First of all, embryonal 
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rhabdomyosarcoma which we are all taught was striated muscle 
possibly is not. It frequently arises in the genitourinary tract? male 


or female, and frequently in the pterygoid fossa. These are three _ 


places in which one finds very little striated muscle. 

The second point I would like to discuss is the use of the drugs. 
This is the second tumor which has really responded to these 
adjuvants, the first being Wilms’ tumor, the treatment for which 
was developed by the late Dr. Sidney Faber. This type of drug 
therapy has been more or less pragmatic. Why it works I think 
people really do not know. It is not harmful to the children. They 


maintain their well-being while on the drugs, aad it has proved ' 


useful when it is used in addition to surgery and irradiation. 

There is a message there somewhere, and if we could learn 
how these work and then how to test them by the use of tissue 
culture sensitivity tests, their usefulness might be extended to 
other tumors. ; 


Dr. James W. Kuman (Closing): Dr. Goodwin’s work is 
known to us and he probably has the longest-tezm survivor as far 
as post-surgical therapy for rhabdomyosarcoma. 

Dr. Murray’s data supports our work as to the survival rate 
therapy and we appreciate his remarks. 

We have meant by multiple procedure that biopsy was usually 


- 


the first procedure that was done and this was followed by exten- ` 


sive excision as was felt indicated. Bae 7 

It is interesting to note that in review of some of this ‘material 
that practically 80 to 90% of the resection lines of. the tumors that 
have been resected show microscopic tumor and a good number 
obviously of these patients are long-term cures even with tumor 


in the line of resection at the time of the reasonable or radical., 


’ 


surgical procedure. 
It is interestin 


other times in the literature and obviously the bronchus does not 
contain striated muscle but only smooth muscle. These rhabdo- 
myosarcomas can originate in other places where there is -ob- 
viously no striated muscle located. 3 

The therapy we feel is effective during the time of originating 
or circulating tumor cells and that perhaps the chemotherapy does 
prevent the metastatic spread by this initial and cyclic chemo- 
therapy immediately following surgery. Dr 


that in our series we have had the one éase’ of. 
a tumor of the bronchus. This has been reperted eight or nine . 


Immunotherapy in Patients with Melanoma 


H. F. SEIGER, W. W. SHINGLETON, R. S. METZGAR, C. E. BUCKLEY, II., 


T hroughout medical history biologists have noted a 
wide variation in the response of patients to the neo- 


plastic process. Spontaneous tumor regression, complete 


‘or. partial, has been described by numerous authors.®?° 
Regression with severe infection stimulated a popular 
belief that. host immune response to the infection was also 
responsible’ for tumor regression, This was the back- 


; “ground that led Coley? at the turn of the century to 


ae 


"> ‘evaluate bacterial toxins in patients with malignant tu- 


mois and-he extended his observations to include a more 


_ Successtul response if the toxin was introduced directly 
‘into-the tumor site. Immunoprophylaxis for the preven- 
tion of infectious diseases gained an important role in 
„medical science throughout the first half of this century. 


fh 'Gross!2 applied these technics in a rodent system to dem- 


onstrate that animals could be protected from tumor- 
‘take by immunization against particular methylcholan- 
„throng ‘tumors. Old? added data supporting the immune 
* Fesponse by demonstrating that BCG immunization of 
the ‘host decreased tumor-take in the rodent. 

' Eradication or arrest of an established tumor in both 
a models and in man has been unsuccessful. For 
 aaterapy to be effective certain basic circum- 
stañćes should be evident. First, tumor specific or tumor 
associated antigens should be present on the surface of 
the tumor cells. Second, the immunologic response to 
these antigens should be adequate and this includes both 
the cellular and humoral response. Third, there should 


“; be absence of blocking or enhancing antibody present in 


the patient’s serum. Animal experiments indicate that 


individually specific tumor associated antigens play the 
dominant role in chemically induced tumors, while 
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common tumor associated antigens characterize tumors 
of a known viral etiology. Immunofluorescent studies 
as well as immunization experiments in animals strongly 
suggest that the tumor antigens are transplantation type 
antigens.818 Host immune mechanisms can inhibit 
growth of neoplasms, and this tumor immunity has been 
well documented in experimental animal model systems. 
Zbar and Tanaka®® have demonstrated tumor immunity 
following intratumor inoculation of living Mycobacterium 
bovis. Rapp” has induced regression of an established 
tumor in guinea pigs by intratumor injection of specifi- 
cally sensitized lymphocytes. Mathé”? and Powles?? have 
noted marked prolongation of remission in leukemia pa- 
tients utilizing serial immunizations with irradiated leu- 
kemia cells and BCG. Both Morton™ and Seigler"! have 
observed local, and in some cases, systemic immunity in 
patients with melanoma treated with intratumor injec- 
tions of BCG. Inoculation of patients with specific trans- 
fer factor has gained increasing attention and seems to 
specifically increase cell-mediated immunity. 

In vitro monitoring of multiple aspects of the immune 
system in patients has been made possible by advance- 
ments in sophisticated methodology. This report includes 
study of multiple attributes of the immune system before 
and during nonspecific and specific immunotherapy in 


142 patients with metastatic melanoma. Sequential moni- . 


toring has allowed us to assess changes induced by im- 
munotherapy and the correlations with the clinical course. 


Methods 


All patients selected for immunotherapy had previously 
undergone combinations of surgical treatment, irradia- 
tion, limb perfusion, and chemotherapy and subsequently 
developed recurrent disease. Informed consent was ob- 
tained prior to initiation of experimental therapy. 
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TaBe i. Antigen Panel for Evaluation of Immune Competence 
Antigens Dilutions Antigens Dilution 

Alpha streptococcus 1074 PPD 0.002 mg. 
`> FT. influenza 10-4 Blastomycin 1073 

N. catarrhalis 1074 Histoplasmin 1073 

S. epidermidis 10-4 Coccidiodin 1073 

Proteus mirabilis 107 Oidiomycin 1073 

Pseudomonas 1074 Trichophyton 1073 

S. aureus 1074 Alternaria 2 X 1078 

Enterobacter 1074 Aspergillus 2 X 10-3 

E. coh 1074 Hormodendrum 2 X 1073 

Pneumococcus 10-4 Rhizopus 2 X 1073 

Enterococcus 1074 Mumps Undiluted 

Mixed respiratory 1071 


The Immunotherapy Plan. The predicted course of im- 
munotherapy is divided into four stages; two initial non- 
specific stages and two specific stages. 

Stage I. In the first stage, immunologic evaluation is 
followed by BCG sensitization. This step is designed to 
activate the immune system toward a specific but indif- 
ferent delayed allergen. 

Stage II. In this stage, intratumor injection of cutane- 
ous or subcutaneous metastases with BCG is accom- 
plished. This stage is designed to recruit a delayed hyper- 
sensitivity response within the tumor nodule. 

Stage III. An American Celltrifuge separator is used 
to obtain approximately 5 x 10° lymphocytes from the 
patient; the autologous lymphocytes are specifically ac- 
tivated in vitro with an equal number of irradiated neura- 
minidase treated tumor cells. Following a 72-hour incuba- 
tion period the cells are readministered to the patient 
subcutaneously or intratumor. This stage is designed to 
test the effectiveness of an adoptive transfer of cell medi- 
ated immunity. 

Stage IV. The patient is challenged with a subcutane- 
ous inoculum of irradiated neuraminidase treated autoch- 
thonous tumor cells plus BCG. This stage is designed 
to test the capacity of active immunization to augment 
tumor immunity. Each stage is spaced from 6 to 8 weeks 
apart; each treatment is preceded by a complete re-eval- 
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stimulation indices were calculated and recorded as pre- 
viously reported.?! The lysis of tumor cells in vitro by 
patient lymphocytes was assayed by the method of 
Jagarlamoody and associates!" with radiolabeled mela- 
noma tissue culture monolayers. Blocking factors: in 
the patient’s serums were assayed by a modificatton of 
this technic.17 

Blood Cell Separation. Leukophoresis was accom- 
plished with a continuous flow blood cell separator ( Cell- 
trifuge, American Instruments). The bowl flow rate was 
40 cc. per minute, end the roter speed was 1,100 rpm. 
A cell concentrate containing an average of 5 x 10° 
lymphocytes was collected over a 4 to 5-hour period in 
two 300 cc. bags containing 2 cc. of heparin and 15 cc. 
of ACA-A; maximum granulocyte and monocyte contami- 
nation was 25 to 30%. 


Results 


One hundred and forty-two patients with metastatic: `” 
melanoma have been treated by the described immuno- 
therapy regimen. | 

Serum immunoglobulin levels did not change a, 
immunotherapy. Figure 1 presents observations at oe a 
I-IV of treatment. Measurements prior to BCG PoR 
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globulin levels in patients 
with malignant mela- 
noma. 


uation of the previously measured immunological pa- 
rameters designed to sequentially document changes in 
cell-mediated and humoral immunity. 

Studies of Humoral Immunity. Serum concentrations of 
IgG, IgA, and IgM were measured by single radial dif- A 
fusion methods previously reported.5 Serologic studies 
for tumor specific antibodies were accomplished by com- 
plement fixation, mixed agglutination and cytotoxicity.2?-1 

Studies of Cell-mediated Immunity. Cutaneous hyper- 
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sensitivity was evaluated with a panel of antigens having IOF p = normal range 
defined reactions in 138 patient controls (Table 1). The 
g4 response to an intradermal injection of 0.05 ml. of each i tah Tel 
antigen was measured and recorded as previously re- si 
ported.*1 In vitro lymphocyte activation was measured by Ve ce See ms 
a modification of the semi-micro method of Bach.? The pe (Mus e o oe on me 
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TABLE 2. Serologic Evaluation for Tumor Specific Antibody in 
R First Seventy Patients Studied 
Number of Positive 
Patients Serologic Technics Reactions 
70 Mixed Agglutination 17 
- 70 Complement Fixation 20 
70 Cytotoxicity 30 





revealed a low geometric mean serum IgG (p = 0.0002), 
elevated IgA (p = 0.0004) with a wide distribution of 
IgM levels without significant departure of the geometric 
mean from that of age, race and sex matched peers. Pa- 
tients completing all stages of BCG therapy exhibited a 
trend toward increased geometric mean IgG and IgM 
levels; but differences from controls were small and not 
statistically significant. Serum IgA levels also exhibited 
this upward trend and geometric mean levels remained 
greater than levels in controls. This apparent trend to- 
` ward elevated serum immunoglobulin levels could rep- 
resent a.consequence of therapy or survival and selection 
of patients with elevated serum immunoglobulin levels. 
_ The hypothesis that levels changed with therapy was 
_ tested by comparing levels observed at Stages II, III and 
IV with levels observed prior to Stage I in each remain- 
ing patient. This provided a total of 54 comparisons. 
Serum levels of IgG (p = 0.4049), IgA (p = 0.2364) 


>> and IgM (p = 0.9404) did not change significantly dur- 


. ing the course of therapy. This suggests that the apparent 
upward trend in serum immunoglobulin levels observed 
during treatment reflects selection of patients with rela- 
tively high serum immunoglobulin levels. This implies 
‘that patients with relatively low levels of IgA and IgG 
did not survive to enter subsequent stages of therapy. 

Serologic evaluation for tumor specific antibody re- 
vealed a positive response in 31 of our first 70 patients 
studiéd (Table 2). Seventeen of 31 were positive by 
mixed agglutination, 30 of 31 by cytotoxicity and 20 of 
3l by complement fixation. The sera became more re- 
active as the patients progressed through the stages of 
treatment; however, insufficient numbers do not allow 
a statistical evaluation at this time. Specificity studies 
revealed that all positive sera remained positive after 
absorption with HeLa, Hep, three normal skin fibroblast 
cell lines and pooled normal lymphocytes to remove all 
HL-A activity (Table 3). Only three of the 70 pa- 
tients’ sera tested reacted by direct testing with normal 
lymphocytes, HeLa, Hep, and three normal skin fibro- 


` TABLE 3. Serum Absorption Studies for Tumor Specificity 


Number of Sera Serum Reaction 


Absorbed Absorbed with After Absorption 
al. 4 HeLa Positive 
31 Hep Positive 
ad 31 3 normal fibroblast lines Positive 
31 Pooled normal lymphocytes Positive 
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blast cell lines. Obviously, additional direct testing and 
absorptions will be necessary to more firmly establish 
tumor specificity. 


An assessment of cutaneous hypersensitivity with the 


antigens listed in Table 1 exhibited generally decreased 
ability to generate inflammatory changes in skin neces- 
sary for characteristic expression of hypersensitivity re- 
actions in this patient population. In the first 114 pa- 
tients studied 48 or 42.1% were hyporesponsive at 48 
hours to the delayed allergens and 4 or 3.5% were nor- 
mal or near normal while 62 were completely unrespon- 
sive (Fig. 2). While hyporesponsiveness to the test anti- 
gens was clearly correlated with diffuse systemic disease, 
responsiveness could not clearly be correlated with re- 
gression of disease during the immunotherapy course. 
Among the first 98 patients studied, death or tumor re- 
gression did not halt sequential stages of therapy in 18 
patients. Cutaneous hypersensitivity responses were fol- 
lowed through all four stages of treatment. Seven pa- 
tients exhibited tumor regression or inactive disease 
on the basis of apparent freedom from metastatic tu- 
mor at the time of this report. These patients were cate- 
gorized as having complete or partial remission. In l 
patients the tumor disease continued or they died fol- 
lowing completion of therapy. These patients were cate- 
gorized as having tumor regression. Figure 3 summarizes 
cutaneous hypersensitivity responses averaged over all 
antigens in these two groups of patients. Geometric mean 
cutaneous responses and the +2 standard error of esti- 
mate range at each stage of therapy are presented for 
each group of patients. Similar averages of responses in 
patient controls are presented for comparison. An esti- 
mate of the significance of the departure of the responses 
observed in melanoma patients from responses in con- 
trols is presented at the top of Figure 3. Anaphylactic 
(0.25 hours) and the early Arthus (6.0 hours) hyper- 
sensitivity were increased. The 24-hour Arthus response 
and 72-hour delayed cutaneous responses did not differ 
significantly from controls. Delayed hypersensitivity at 
48 hours was significantly decreased, This suggests that 
increased anaphylactic and early Arthus hypersensitivity 
and decreased delayed hypersensitivity was characteris- 
tic of this unique group of patients with metastatic mela- 
noma. 

Multivariate comparison of cutaneous hypersensitivity 
between patients with remission and progression of the 
tumor disease revealed highly significant differences 
(p = 0.0064). Univariate contrasts of measured responses 
which accounted for this difference consisted of in- 
creased anaphylactic hypersensitivity (p = 0.0370) and 
decreased delayed hypersensitivity at 48 (p = 0.0036) 
and 72 hours (p = 0.0049). Although multivariate analy- 
sis indicated therapy-related changes in cutaneous hyper- 
sensitivity in patients undergoing remission were not 
significant (p = 0.0985), univariate contrasts suggested 
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possible differences in anaphylactic (p = 0.0434) and 
early Arthus hypersensitivity (p = 0.0325). Among pa- 
tients with tumor progression, multivariate evaluation of 
the effects of therapy revealed no significant differences 
(p = 0.3006); univariate comparisons were also not 
significant. The first order interaction of differences in 
tumor disease and the effect of therapy were not signifi- 
cant (p = 0.9515). This suggested averaged measures of 


cutaneous hypersensitivity detected differences related to 


the severity of tumor disease, but not the effects of ther- 
apy. 

In contrast, differences related to therapy and the se- 
verity of disease were detected with the response to spe- 
cific antigens, Multivariate comparison of the responses 
to PPD, oidiomycin and mumps antigens between pa- 
tients with remission and progression of tumor disease 
revealed no significant differences (p = 0.2185). Re- 
sponses to specific antigens were averaged over all pa- 
tients at each time of observation and stage of therapy. 
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Multivirate comparisons of the responses contribjted 
to the averages presented at each stage of therapy in 
Table 4. suggested highly significant changes could be 
detected with measures of hypersensitivity to PPD (p < 
0.0001), oidiomycin (p < 0.0001) and mumps (p < 
0.0019) antigens. The probabilities presented in Table 4 
reflect univariate estimates of the significance of trends 
observed at each time of measurement, Cutaneous hyper- 
sensitivity to PPD increased at all times of observation 
except for the 0.25-hour anaphylactic response: The mexi- 
mum change following BCG therapy was detected with 
the 24-hour Arthus response—a 6-fold change was in- 
duced during the course of treatment. Cutaneous hyper- 


sensitivity to oidiomycin also increased, but significant . 


trends were restricted to measures of anaphylactic and 
Arthus hypersensitivity. Delayed cutaneous hypersensi- 
tivity increased transiently and then decreased—the 


overall trend was not significant. Anaphylactic hyper- 


sensitivity to mumps antigen increased significantly. In 
contrast, delayed cutaneous hypersensitivity to mumps 


virus antigen decreased; changes in Arthus hypersensi-. 
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TABLE 4. Cutaneous Hypersensitivity Responses To PPD and Two 
Control Antigens in 18 BCG Treated Melanoma Patents 


Diameter of Geometric Mean Response, 
in- millimeters at each time of measurement 


Antigen Stage Hours 


0.25 - 6.0 24 48 12 

PPD 1 6.7 °2.8 2.2 2.1 2.3 
2 6.1 5.6 8.7 7.8 7.3 

3 6.9 9.4 13.0 8.9 7.5 

4 64 12.9 134 93 76 
p< 0.6961 0.0001 0.0001 0.0001 0.0002 

Oidio- 1 8.2 2.7 6.6 7.8 7.2 
mycin 2 9.4 7.2 13.8 10.1 7.9 
. 3 91 94 11.9 #96 5.1 
4 12.5 14.1 19.7 7.5 3.8 
p < 0.0052 0.0001 0.0073 0.6712 0.1112 

Mumps 1 8.5 49° 7.3 7.6 5.3 
2 ° 8.1 6.5 5.3 3.7 3.6 

< 10.5 7.1 - 5.6 one Zed 

4 11.9 7.9 4.7 2.0 1.8 
p< 0.0217 0.2674 0.6228 0.0015 0.0018 


tivity were not significant. These comparisons suggest the 
averaged comparisons presented in Figure 3 may obscure 
. Opposing trends in specific cutaneous responsiveness. Al- 
. though augmented resporisiveness to PPD during BCG 
therapy was not unexpected, the more restricted changes 
in responsiveness to antigens such as oidiomycin and 
| ‘mumps were not anticipated. The decrement in respon- 
n ‘siveness' to mumps virus antigen suggests nonspecific 
 augmeniation of delayed cutaneous hypersensitivity was 
` not a general consequence of BCG immunotherapy. 
Evaluation for lymphocyte responsiveness in vitro was 
completed prior to initiation of therapy, following Stage 
_ IE of therapy, and at completion of Stage IV of treat- 
“sment. The stimulating antigens included phytohemag- 
_glutinin, unrelated lymphocytes that had been mitomycin 
treated, x-irradiated neuraminidase treated autochtho- 
a “nous tumor cells, PPD, pokeweed mitogen, x-irradiated 
ne unrelated skin fibroblasts, and mitomycin. treated autolo- 
| gous Daria served as a control. The general ob- 


TABLE 5. Stimulation Indices in Twenty-Six Patients Completing 
Immunotherapy 


RE Antigent Means Stimulation Index* 


PHA (20 xL of 1:10 dilution) 


PPD (50 uL/2ml.) 3.6 
`- BCG (100 aL/2 ml.) 2.5 

Pokeweed (10 gL of 1:5 dilution) | 19.3 
Unrelated fibroblasts§ 2.2 
Autologous lymphocytes 1.0 


; * The degree of stimulation in each test was expressed as a ratio 
| between the mixture and the appropriate control, called the stimula- 
tion index. 

t PHA, phytohemagglutinin: PPD, pues protein derivative; 
B&G, bacillus Calmette-Guerin. 

t Mitomycin treated. 

§ 5000 rads irradiation. 
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servation in this patient group prior to initiation of 
therapy revealed normal response to phytohemagglutinin 
alone. It is of interest that the regimen reversed the un- 
responsiveness of patient lymphocytes in those that be- 
came skin test positive and developed cell-mediated im- 
munity, The results in the first 26 patients completing 
therapy are depicted in Table 5. The normal or near nor- 
mal response to PHA reflects adequate T lymphocyte 
activity and the response to pokeweed mitogen reflects 
adequate B cell activity. Cell-mediated immunity was 
studied in vitro utilizing radiolabeled tissue culture 
monolayers. Patient lymphocytes were added to the la- 
beled tumor monolayer and if cellular immunity was 
present cytolysis occurred and isotope was released. Iso- 
tope counting of the remaining monolayer reflected the 
degree of lysis of the target cell. The control utilized 
normal skin fibroblasts. Cellular immunity evaluation in 
the first 62 patients completing the immunotherapy regi- 
men revealed that 43 of 62 were positive. The range of 
the per cent of lysis of the tumor monolayer was 20 to 
90% and the mean percentage was 60.5%. All 19 patients 
without cellular immunity demonstrated diffuse disease 
which progressed to death of the patient (Table 6). With 
only few exceptions, the patients that developed cellular 
immunity also were converted to responsiveness in vivo 
to at least one of the delayed skin allergens. Serum block- 
ing factor was evaluated by a modification of the technic 
in which the patient’s serum is added instead of normal 
human sera and if blocking factors are present decreased 
or no lysis of the monolayer will be noted. Utilizing this 
technic it was noted that in the 62 patients thus tested 
21 of 62 were positive for serum blocking factors (Table 
7). The range of the degree of blocking included 20 to 
80% and the mean was 57.5%. The presence or absence of 
serum blocking factor, however, did not absolutely cor- 
relate with the clinical course. Blocking factor was not 
present in 20 patients that had progression of disease to 
death. 

At the present time an overall evaluation in this pa- 
tient series reveals that 34% of the patients have died of 
causes secondary to the melanoma process, 43% con- 
tinued to have the disease and 23% have had complete 
regressions and remain free of disease. The study has 
been in progress for approximately 3% years and some 
patients have remained well for the entire period. This 
follow-up period is obviously too short to firmly assess 
the immunotherapy regimen or to predict the overall 
effectiveness of this mode of treatment. The patient cate- 
gory that has benefited from this regimen includes only 
those patients in whom the metastatic disease has been 
confined to the skin, subcutaneous tissue and lymph 
nodes. If the disease has progressed to involve the paren- 
chyma, skeleton or central nervous system, the responses 
have been very transient and are of no clinical signifi- 
cance. 
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Discussion 


It has been difficult to determine whether tumor as- 
sociated antigens are tissue specific rather than tumor 
specific. There is evidence that common tumor associated 
antigens, detected in human alimentary tract carcinomas, 
are of an embryonic nature and thus the result of de-re- 
pression or “unmasking” of normal fetal antigens. 
Mounting data indicate that the common tumor associ- 
ated antigens are caused by viruses that have either in- 
duced the tumor or become secondarily involved with 
them. The biochemical nature of tumor specific or tumor 
associated antigens and the host immune response to 
them continues to be poorly understood. Immunotherapy 
is based on the principle that immunity can be aug- 
mented toward a tumor specific antigen by the adjuvant 
activity of a nonspecific agent or by specific immuniza- 
tion. 

Tumor cell destruction is believed to result primarily 
from heightened cell mediated immunity, however, the 
exact role of humoral immunity remains unclear. It has 
been reported that lymphocyte and plasma cell infiltra- 
tion into tumors often indicates a favorable prognosis.‘ 
The Hellsttoms’? described a colony inhibition test that 
demonstrated lymphocyte-mediated inhibition of neo- 
plastic cells. Hellstrom and associates," Jagarlamoody 
and associates!’ and Cohen! have all demonstrated cel- 
lular immunity in vitro utilizing different technics reflect- 
ing cell-mediated cytolysis. The degree of tumor cell de- 
struction appears to be the same in patients who were 
studied with either widespread disease or from whom 
tumors had been successfully removed. Varying success 
has been reported from studies utilizing cutaneous de- 
layed hypersensitivity reactions elicited by soluble anti- 
gen extracts prepared from tumors. Impaired lympho- 
cyte reactivity in culture in our patient population is of 
great interest. The observation that lymphocyte activity 
could be recovered by the nonspecific and specific stimu- 
lation of the host suggests that the host-immune response 
is not irrevocably lost. The degree of stimulation by phy- 
tohemagglutinin and pokeweed mitogen reflects normal 
T and B cell responses. The stimulation noted by the ir- 
radiated neuraminidase treated autochthonous tumor 
cells suggests that the stimulation is secondary to the 
tumor neoantigen. This is a very important point if in- 
deed adoptive transfer of specifically sensitized cells is 
to prove beneficial in patients with established neo- 
plasms. 

The observation that patients with intact delayed hy- 
persensitivity have a better prognosis with their neo- 
plastic process than anergic or hyporesponsive patients 
indicates the importance of the host-immune mecha- 
nism.® Patients who are on immunosuppression will ac- 
cept a tumor allograft.2> Penn and coworkers have re- 
ported an incidence of 6% of spontaneous neoplasms in 
184 kidney transplant recipients.?° Recent kidney registry 
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TABLE 6. Cellular Immunity in 62 Melcnoma Patents 





Number of 
Patients Cellular Immunity Per cent 
4300 Positive = 69. 
19 Negative 31 
Range of Lysis — 20 to 90% 
Mean = 60.5% 


data indicate that approximately one-half of the neo- 
plasms are of epithelial origin and the other half originate 
in the reticulo-endothelial system. Immunoprophylaxis _ 
from malignancy as reported recently by Rosenthal? _ 
points to the need for. investigation in the area of im- 
munotherapy. Nonspecific stimulation of the immune 
system by an agent such as BCG can stimulate local host 
immunity;?*,3! it does not, however, predictably produce 
systemic imrnunity.*+ Adoptive transfer of tumor im- , 
munity has been demonstrated in the rodent,” and 
attempts to elicit specific cellular immunity in tumor 
regression in melanoma by administering specifically 
sensitized autologous lymphocytes has been suggested.** 
Simmons et al”? have reported alteration of. membrane ` 
antigens by neuraminidase treatment and this incréased -.* 
immunogenicity has efficiently provided specific regres- 
sion of established chemically induced rodent, tumors. `“ 
Humoral immunity has been observed in’ the-sera of. ` 
patients from whom localized melanomas have been. ~ 
surgically removed. These humoral antibodies have been. 
proved to be cytotoxic in the presence of complement,’ 
and they have been used to demonstrate a surface local- 
ized antigen in melanomas by immunofluorescent téch- © ‘ 
nics.18 Sat 
The Hellstroms!® have demonstrated that: blocking #5 


serum factors are present in the sera of patients with -` , 


wide-spread malignancies. These blocking factors: aré on 
not generally present in the sera of patients ‘that“have.. G 
undergone curative surgery. Sjogren* has postulated : 
that the serum blocking factor may be antigen-antibody +4 
complexes that interferes with lymphocyte reactivity. thus = 
allowing tumor growth. Sera from certain patients who 


have been rendered tumor free have demonstrated an . | 
unblocking effect.1* Alexander and Currie! have noted „* 


that the serum inhibitor does not combine with the tar- “.” 
get tumor cell and they suggest that the active material : 
is circulating tumor-specific antigen which in the in vitro “= 
assay competes with the tumor cell for the cytotoxic -~ 


TABLE 7. Serum Blocking Factor in 62 Melanoma Patients 


Number of 
Patients Blocking Factor Per cent 
21 Positive 34 
4] Negative 66 


Range of Blocking — 20 to 80% 
Mean = 57.5% 


ate 
> 
b» 


358 


lymphocytes. Baldwin? recently proposed that the block- 
ing activity of tumor-bearing serum is associated with 
tumor-specific immune complexes. This is supported by 
the finding that post-excision serum, which contains cyto- 
toxic antibody but no blocking activity, can be converted 
so as to produce blocking by the addition of a solubilized 
preparation of tumor-specific antigen. 

Our present level of understanding of tumor immunity 
suggests that there is both a cellular and humoral-immune 
response directed against both common and specific tu- 
mor associated antigens. The concert of cellular events 
responsible for tumor destruction by cell-mediated cytol- 
ysis most probably includes T and B cell interactivity 
as well as an ever important macrophage response. The 
immunocompetent cell can be blocked at either the 
killer cell level or the target cell level. Blocking at the 
target cell level is most probably caused by antibody 
interaction with the tumor cell as well as interference by 
antigen-antibody complexes. The blocking of lymphocyte 
cytotoxicity.is a complex event which is predominantly 
mediated by the presence of excess free tumor antigen 


- in the system-attaching to the cell-bound antibody. There 
; may also bẹ- a contributing blocking effect by free anti- 

:- gen-antibody complexes which adhere to the immuno- 

“competent cell-preventing cell-mediated cytolysis. 


Summary 


One hundred and forty-two patients with metastatic 
melanoma have been treated with a staged immuno- 
therapy plan including two nonspecific stages and two 
specific stages. Immunologic and clinical responses were 
monitored in an effort to note correlations with the im- 


-munotherapy regimen. Clear immunoglobulin deficiency 


was not present in this patient population. Impaired de- 


layed cutaneous hypersensitivity responses were, how- 


ever, generally noted. Thirty-one of the first 70 patients 


: completing the treatment gained tumor specific humoral 


immunity as detected by at least one serologic technic. 


: The immunotherapy course proved consistent in pro- 


“ducing cellular immunity in 43 of the first 62 patients 


completing treatment. In all 19 patients that remained 
negative for cell-mediated immunity, the disease pro- 
gressed until death. Serum blocking factors were evalu- 
ated and 21 of the 62 patients were positive for sub- 


| ‘stances in their sera that interfered with tumor inhibition 
in vitro. The follow-up periods include 3 to 39 months 


and 34% of the patients have died of causes secondary to 
the melanoma, 43% continue to survive but have detect- 
able disease and 23% have been rendered free of disease 
for this time course. 
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DISCUSSION 


Dr. Ricsard E, Wirson (Boston): I would like to congratu- 
late the authors of this paper on a very careful approach in this 
difficult area, particularly the sophisticated monitoring technics 
they have studied since I believe this is the key to better utiliza- 
tion of such immune therapy protocols. 

Last year at these meetings, Dr. Godrick and I presented some 
of our studies with an immune therapy model that utilized syn- 
geneic tumor cells for the treatment of minimal residual disease 
after surgical excision of the primary. 

We determined that there was a critical dose of antigen in the 
form of live radiated or neuraminidase treated cells that could 
either increase immune reactivity and eliminate potential metas- 
tases, or stimulate the development of blocking factors with the 
increased incidence of metastases. Further studies in our labora- 
tories continue to confirm this concept. 

I would like to ask the authors how they determined the dosage 
of autochthonous tumor cells in the Stage 4 patients and were 
there any patients made worse after autochthonous tumor ther- 
apy? Did any of the patients in Stage 4 develop blocking anti- 
bodies after therapy that had not had them before therapy? 


Dr. Donatp Lee Morton (Los Angeles): I was struck by the 
similarity in the response rate that Dr. Seigler reports with his 
combination form of immunotherapy to what we have seen with 
BCG alone intralesionally. We have a 2-year tumor free survival 
in people who have disseminated disease of 25%. It is interesting 
that we, too, have not seen any complete or permanent regression 
in patients who have metastases in the brain or visceral organs 
but have seen good results in those with skin, subcutaneous tissue 
or regional lymph node metastases. Therefore, I wondered if he 
has any evidence that the combination program of immunotherapy 
is any better than the much simpler BCG alone. 

Secondly, I would like to ask what in vitro evidence he has to 
show that stimulation of lymphocytes by autochthonous tumor 
cells does in face increase their cytotoxic effects upon tumor cells. 
We have done considerable work with this over the past couple of 
years and find that the conditions for in vitro sensitization are 
very critical and that the ratio of tumor cells to lymphocytes is 
very important. I wondered if they had any similar findings. 


Dr. H. F. Secer (Closing): In reply to Dr. Wilson, we have 
not been able to do a dose response in the human system. The 
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control study that Zbar and Rapp have done in the guinea pig 


model with BCG does not exist in man. 


æ 


We have looked at the response and activation of autologous. 


lymphocytes by the x-irradiated autochthonous tumor cells. That. `- 
is not a good measurement because we do not know exactly what._. 


it means. A ratio of one-to-one seems to be as good for stimula- | 


tion as a ratio of one-to-two, one-to-three, or one-to-four, so we ` 


have empirically relied on a one-to-one mixture. 


We have one patient that did convert to blocking when, no “ee 


blocking was present before treatment and this patient did become 
clinically worse. I think perhaps we could have stimulated block- 
ing antibody and caused a worsening of the patient’s metastatic 
disease; at least the clinical course did correlate with what we 
could measure in vitro. a 

In response to Dr. Morton’s two questions, BCG versus the 
staged treatment, we really have no indication that ours is a bit 


better than BCG alone and we have talked about this before ard - 


it is quite interesting in that there is only about a 1 or 2% differ- 


ence and there is a lot more labor involved in the staged therapy. . 


This could be added to by stressing that what we were trying — 
to do was to look at mechanisms and so it seemed to us that we ` 
ought to study non-specific as well as specific responses of multi- >i 


ple aspects of the immune system. 


In other words, what was the “T” cell response, the “B” cell + 


response, the “T” and “B” cell interaction as well as the macro- `i 


phage response? Also one must ask what role does humoral im- 
munity play? | 
I think we have posed a number of questions but I cannot say 


that we have come up with any more suggestions than those that ~ 


a 


were presented in the slides. We could induce specific cellular * 
immunity by stages 3 and 4 which we-did nat regularly observe ` 


in stages 1 and 2. BCG may give immunity as tested by skin’ test 


response to PPD but not to mumps, oidiomycin, etcetera and so ` 


this is why we proceeded with specific stimulation. . 
We do not have any good evidence that you can get increase 


cellular lysis by sensitization. We have looked at it by sensitizing > 


the lymphocytes with unrelated lymphocytes and this seems to 
work as well as sensitizing the patient’s lymphocytes against either 
an allogeneic melanoma cell or an autochthonous melanoma cell. 


I think there is a tremendous complexity to the concert of cellu- . 


lar and humoral events that are taking place and we just do not 
understand it, but I think this is a tremendous area for inves- 
tigation. s 


= Surgical Resection and Adjunctive Immunotherapy 
for Selected Patients with Multiple Pulmonary Metastases 


| Pec might suggest that the presence of pulmonary 


metastases would indicate disseminated malignancy 
uncontrollable by surgical treatment. However, many pa- 


tients dying with pulmonary metastases have no other 
:! foci of disease detectable upon autopsy.®4 Furthermore, 
“the 5 -year ‘survival rates in patients undergoing surgical 


~“ resection of metastatic pulmonary lesions are often better 


_ than results obtained following surgical treatment of pri- 
" maty bronchogenic carcinoma. 


Po 


cane 


Some ‘controversy exists on the indications for resec- 
flow “Of. :pulmonary metastatic disease. Many surgeons 
‘Beheve: ‘that pulmonary resection is indicated in patients 
leh "solitary metastatic lesions that appear after a pro- 
longed interval following removal of the primary neo- 
“ps 1 in’ a who have metastases limited to the 


ial Teitment for ete who have multiple Aay 


P ‘metastases, especially if bilateral. However, as has been 


S 


paiited: ‘out by others, the results of surgical resection 
i fOr W patients with multiple metastases rival those reported 


ik kpatients with solitary lesions.?°.** Furthermore, many 


patients who are subjected to thoracotomy for apparently 


“Bolitary lesions are found to have multiple small sub- 


a 
“f 


clinical metastases not detectable on radiological exam- 


~. ination. Therefore, a re-evaluation of surgical treatment 
‘for multiple pulmonary metastases is indicated. Since 
2, approximately 30% of patients with malignant disease will 
„have pulmonary metastases at some time during their 
-clinical course, it is important to have some criteria for 
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the selection of these patients who would most benefit 
from pulmonary resection. 

In a preliminary report we previously suggested that 
measurement of the tumor doubling time appears to pro- 
vide an accurate method for judging the biological ag- 
gressiveness of malignancy in a given patient.!4 This 
measurement may be an important indicator for those 
patients who might benefit from resection of the pul- 
monary metastases whether solitary or multiple. 

The purpose of this report is to evaluate surgical treat- 
ment for multiple pulmonary metastatic lesions and to 
discuss adjuvant immunotherapy of selected patients 
undergoing resection of the pulmonary disease. 


Materials and Methods 


The patients included in this study were those seen by 
the authors in the Surgery Branch of the National Cancer 
Institute and Thoracic Surgical Services of George Wash- 
ington University Hospital, and the Center of Health 
Sciences of the University of California at Los Angeles. 
We have approached pulmonary metastatic disease ag- 
gressively, attempting to resect most lesions if techni- 
cally operable. 

This report concerns 60 consecutive patients who were 
subjected to thoracotomy and resection of metastatic 
lesions. 

Nineteen patients were treated with adjunctive im- 
munotherapy following resection of their pulmonary me- 
tastases during the past 3 years. Immunotherapy was ad- 
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Fic. 1. Method of plotting tumor doubling time based upon 
the direct measurement of the changing diameters of metastatic 
pulmonary nodules. (Reprinted from Joseph, Morton, Adkins: 
J. Surg. Oncol, 3:143, 1971). 


ministered by methods previously described using a 
vaccine prepared from irradiated autologous tumor cells 
mixed with BCG."® 

The methods used for measurement of the tumor 
doubling time (TDT) was reported previously.?3:1475 
Briefly, by using successive chest roentgenograms the 
changing diameters of each nodule are plotted on semi- 
logarithmic paper against time and days between obser- 
vations (Fig. 1). A line is drawn between the points; the 
slope of this line represents the rate of tumor growth. As 
this line crosses any two doubling lines, the horizontal 
distance in between represents the TDT in days. All pa- 
tiénts had at least three serial measurements for each 
metastatic nodule. The TDT was calculated for those 
lesions that were clearly delineated on chest roentgeno- 
gram. 

The survival rate of the 60 patients undergoing surgi- 
cal resection of the metastatic disease was compared 
with a group of 89 patients who received no treatment 
or who received chemotherapy for the pulmonary me- 
tastases. Table 1 shows the range of tumor doubling 
times according to the pathologic diagnosis and the num- 
ber of patients in each category. Of note was the consid- 
erable variation in tumor doubling time for each histo- 
logic type of neoplasm. Since the cell type of the primary 


TABLE 1. Types of Neoplasms in Operative and Non-operative 
Treatment Groups 
Non-Operative 
Surgical Resection Treatment 
Type of Range Range 
Neoplasm Patients TDT Patients TDT 
Carcinoma 20 33% 21-360 33 38% 11-360 
Sarcoma 34 57% 13-360 50 55% 5-360 
Miscellaneous 6 10% 11-55 6 7% 13-80 
Total 60 100% 89 100% 
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ee TUMOR DOUBLING TIME ° ` 
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SURGERY & IMMUNOTHERAPY (8) 


IO 
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0 6 12 > 8 24 
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neoplasm was not characterized by a particular tumor 
doubling time, these patients were reclassified into three 
groups on the basis of growth rates as méasured Py oe 
tumor doubling time. a 

Our previous report showed that the growth rate and s 
eventual prognosis correlated well wheh the TD's were ` 
arbitrarily divided into three groups based upon a TDT” , 
of less than 20 days, 20-40 days, and greater than. 41 days. ; 
Consequently, all patients with multiple metastatic foci: 
were classified into three groups based upon their TDTs 
regardless of the histologic type of the neoplasms... 

There were 10 patients with multiple pulmoiigiyi ines 
tastases in whom tumor growth rate varied exten o 2 5 
Their calculated TDTs did not fall into a single category ae 
These patients were grouped according to the growth e us 
rate of their fastest growing lesions, because as previ te : 
ously reported, prognosis appears to be determined: sby.” 
the fastest growing lesions rather than the slower growiltg 4 ae ‘ 
lesions.25 gs t 

The accumulative survival of patients in these E y 
groups was plotted by the actuarial life table method” Boo 
The operative and non-operative groups are compat 
in Figures 2, 3, and 4. The three groups treated by: sigi = 
cal resection are compared in Figure 5. ao 

Results — a 

Twenty-seven patients had multiple lesions bilaterally ` 3 
whereas 33 had multiple nodules confined to one lung.“ 
Eighty-seven thoracotomies were performed in 60 pa- `“ 
tients. In most cases, the metastases were easily located 
beneath the pleura and were removed by wedge resec- 
tion. Wedge resections only were performed in 71 thora- 
cotomies. Twenty-six patients underwent staged bilateral 
thoracotomies and one patient had a simultaneous bi- 
lateral thoracotomy. Patients presenting with simultarfe- - 
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ous bilateral pulmonary metastases usually underwent 












i thoracotomies staged at 10-30 days between resections. 
90 2 TUMOR DOUBLING TIME Oth . . . . . 
20-40 DAYS ther patients had metastatic lesions in one lung which 
80 
: were resected, only to return, after several months or ` 
ears, for resection of metastatic lesions in the opposite 
a : years, f tion of metastatic lesions in the opposit 
60° ~” ESR lung. l 
% 50 N SLReERY 17) The number of wedge resections performed in one lung 
ao- . o o varied between three and 28. Because of their subpleural 
a ere ~ location, it was possible to detect lesions as small as 2 
o S millimeters in diameter. Preoperative chest X-rays and 





tomograms accurately detected lesions upwards from 1 
cm. in size. However, additional smaller subpleural me- 
tastases often were not radiographically apparent. Pul- 


0 6 12 18 24 30 ; . 
monary tissue was preserved by resecting 85-90% of the 


Pee subpleural lesions with a wedge resection of 2 cm. of nor- 
, FIGURE 3. mal surrounding lung. Major pulmonary resections were 
necessary in only 16 patients. Lobectomy was performed 
100 p-0—0-0-2 TUMOR DOUBLING TIME 22 13 patients and three had pneumonectomy. There was 

an | | aa ee >40 DAYS one operative death in the 87 thoracotomies. 
°° ~*~ An extensive preoperative evaluation was carried out 
80 A on all patients to exclude other sites of metastatic disease. 
n al NÇ SURGERY (26) This work-up included full chest tomograms to evaluate 
2P 5 l SE the multiplicity of metastatic nodules, metastatic bone 
S -760 aan ’ series, radioisotope scans of the bone, brain, and liver, 
= SOL. and liver function tests. Immunocompetence was tested 
ae by the DNCB skin test in those patients seen during the 
40 _NON OPERATIVE (14) past 3 years.’ Patients with equivocal liver function tests 


and liver scans underwent hepatic angiography. Explora- 
tory laparotomy was performed in 10 patients as an added 
precaution to exclude hepatic metastases in patients with 
equivocal hepatic radioisotopic scans or angiograms. At 
the time of thoracotomy, four patients underwent trans- 





“O I2 24 36 48 60 72 diaphragmatic exploration of the peritoneal cavity and 
| MONTHS palpation of the liver, while six patients had transab- 
mec a: dominal exploratory laparotomies prior to thoracotomy. 


The accumulative survival of patients with tumor 
doubling times of less than 20 days is compared in Figure 


loo -e-0—0-0, 2. In the group of 64 patients who received non-operative 
90 o-o  ©-~o—o—-o-o—o—-0~o.o SURGICAL management, 63% were alive at 6 months, 11% at 1 year, 
i R TREATMENT and none beyond 18 months. Of the nine patients who 
80 ‘ ONLY had surgical resection alone, 89% were alive at 6 months, 
70 | è 40 DAYS 20 N 44% at 1 year, but all were dead by 18 months. Of the 

X Be a ee eee eight patients who received adjuvant immunotherapy 


in addition to surgical resection, 88% were alive at 6 
months, 63% at 1 year, 40% at 18 months, and 13% at 24 
months. 

Although the numbers of patients in the operative 
groups are small, there appears to be a modest prolonga- 
tion of survival in this group. If the two groups receiving 
surgical therapy are combined, the 1 year survival rate 
is 53%, or nine of 17 patients, in those receiving surgical 
treatment compared to 11%, or seven of 64 patients, in the 
non-operative group. These differences are statistically 
significant (p = <0.05). The number of patients re- 
ceiving immunotherapy is too small at this point to defi- 
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nitively evaluate the effectiveness of adjunctive immuno- 
therapy in prolonging survival. However, at this time, 
the prolongation in survival appears to be relatively mod- 


est. 


The accumulative survival of patients with tumor 
doubling times of 20-40 days is compared in Figure 3. Of 
the 11 patients receiving non-operative treatment, 90% 
were alive at 6 months and 45% survived 1 year. No pa- 
tients were alive beyond 18 months in this group. Of the 
17 patients treated by surgical resection of the pulmo- 
nary metastases, 94% were alive at 6 months, 72% at 1 year, 
54% at 18 months, 30% at 24 months, but no patient sur- 
vived beyond 30 months. Comparing the 50% survival 
point, there is a life prolongation from 11 months to 18 
months by surgical treatment. Thus, patients undergoing 
surgical resection of the metastatic lesions survived an 
average of 7 months longer than the non-operative pa- 
tients. 

The accumulative survival of patients with a tumor 
doubling time greater than 40 days is summarized in 
Figure 4. All patients in the non-operative group survived 
at least 9 months after the onset of pulmonary metastases, 
Eighty-six per cent were alive at 1 year but none survived 
beyond 2 years. In contrast, survival of patients who un- 
derwent pulmonary resection was considerably increased. 
At 2 years following operation when all of the non-opera- 
tive treated patients were déad, 97% of those undergoing 
surgical resection were still alive. The differences be- 
tween these groups are significant at the p = <0.01 level. 
In fact, 63% of patients who have been followed for more 
than 5 years in the surgically treated group with TDT > 
40 days are still alive, Most patients in this group are free 
of disease at 5 years after surgical resection. This was true 
despite the fact that 14 of these 26 patients had bilateral 
pulmonary metastases and underwent bilateral thora- 
cotomies. The results of surgical treatment alone in this 
group are so good that it is difficult to evaluate the in- 
fluence of adjunctive immunotherapy in the eight pa- 
tients who received this treatment. 


Discussion 


This study clearly indicates that selected patients with 
multiple pulmonary metastases can be significantly bene- 
fited by aggressive surgical treatment even with bilateral 
disease or multiple metastases in the same lung. Measure- 
ment of the tumor doubling time appears to be a remark- 
ably accurate means of selecting those patients who will 
benefit most from aggressive surgical treatment. Those 
patients with a tumor doubling time of greater than 40 
days may have a 63% 5-year survival rate following surgi- 
cal resection whereas patients managed by non-operative 
treatment usually will not survive more than 2 years. Con- 
versely, patients with a tumor doubling time of less than 
40 days show only a 7-month increase in survival from 
surgical treatment beyond that expected from non-opera- 
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tive management. Adjunctive immunotherapy slighély in- 
creased survival beyond that obtained by operation alone 
in this group of patients. We anticipate new methods of 
immunotherapy that may improve these results. ° ” 
Based upon the tumor doubling time, the striking dif- 
ferences in the results of surgical treatment in these pa- 
tients appears to indicate a fundamental characteristic 
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in the tumor-host relationship of each patient.141 The - 


growth rate of each patient’s tumor was dependent upon 
the interrelationships of the immune defense mechanisms 
and the intrinsic growth potential of the neoplasm. The 
improved results in patients with a prolonged tumor 
doubling time appears to indicate a favorable host im- 
mune response to the neoplasm. Patients with a rapid 
tumor doubling time are more likely to have metastatic 


lesions at other sites such as the liver, brain, or bone, so ` 


that treatment of the pulmonary metastases ‘résults in 
relatively little improvement in survival. In contrast, pa- 
tients with prolonged tumor doubling time are more 
likely to have metastases limited to the lungs and ‘ag- 
gressive treatment of the pulmonary metastases results 
in greatly prolonged survival. 


Evidence that the patient’s immune responsë is is a Sig:, E ; 


A 


nificant factor in determining the growth rate.of the feb- `~ 


plasms comes from studies of complement fixing antibody: 
titers in patients with metastatic sarcomas. In these cases, 
we found a good correlation between a high titer of anti- 
body and a slowly growing sarcoma. Patients with pul- 


monary metastases who had titers of 256 or greater ` 


usually had tumor doubling times of greater than 40 


days, whereas patients with tumor doubling times: of Tess 


than 20 days had little or no detectable antisarcomia Añti- 


body in their serum. Thus, the time of tumor doubling 


is a measure of the biological aggressiveness of a.neo- 


plasm in a given patient which can account for both the r 


intrinsic growth potential of the neoplasm and the in- 


hibiting influence of the host’s immune defenses. There=: z 


fore, the patient’s tumor doubling time can be: used as a 
criterion for pulmonary resection with assurance of a 


favorable prognosis. For this reason, we urge that pa-. 
tients in whom metastatic pulmonary lesions demonstrate : 


a tumor doubling time greater than 40 days be consid- 
ered for surgical resection even though the lesions are 
multiple and bilateral. 

In patients with multiple metastases, it is very im- 
portant to measure the tumor doubling time of all visible 
lesions. Approximately 16% of patients will have wide 
variations in the TDT of some of their metastatic lesions. 


Since prognosis depends upon the TDT of the fastest. 


growing lesions, such measurements can be critical. A 
maximum delay of 1 month is necessary to dete-mine 
the tumor doubling time of pulmonary metastases. In this 
time, three observations can be made. An initial Xray, 
one at 2 weeks, and one at 1 month will show significant 
growth in lesions with a tumor doubling time of less than 
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P - 40 days. Sometimes, these rapidly growing lesions, make 


a TDT calculation possible in a 2-week observation pe- 
riod. * : : 

It must be emphasized that no patient should be con- 
sidered for resection of pulmonary metastases without 


-= extensive preoperative evaluations to exclude metastatic 


foci at other sites. We believe it is important to include 


_ a measurement of the patient’s immune response to a new 
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antigen such as DNCB in this work-up since our experi- 


. 


ence has shown that patients who are anergic to this 
chemical have metastases at other sites even when these 
lesions are not clinically detectable. In addition to liver 
function tests, metastatic bone Series, and radioisotopic 
scans. of the bone, brain, and liver, we advocate full chest 
tomograms to detect any additional lesions that might be 
missed on plain chest films. 

Certain technical aspects of the operative procedure 
deserve emphasis. We believe that patients with bilateral 
metastases should have resection on the least involved 
lung first. In this way, the extent of disease on the mini- 
mally involved side is known at the time of thoracotomy 


on the opposite side when one may be faced with a 
,major pulmonary resection such as bilobectomy or 


-pneumonectomy:. In addition, the patient has more ade- 


‘quate pulmonary function for the second procedure than 
**:if the pneumonectomy or bilobectomy was done first. 


«We have found the following operative technic to be 


` useful. Upon entering the chest, a careful search is made 


for mediastinal or hilar lymph nodes which, if found, are 
‘removed for frozen section examination. Following this, 


OE careful search is made for pulmonary metastatic le- 


* 


‘its location. A majority of the metastatic lesions are sub- 
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sions: Each metastases is marked with a suture to indicate 


_pleural.in location for unknown reasons. It is of interest, 


“however, that approximately 90% of pulmonary metasta- 
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ages ta: animal neoplasms are also subpleural in location. 


$. Whatever the explanation, this location greatly simplifies 
-the surgical: excision. 
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| Extreme care is taken in examining the lung in both the 
inflated ‘and deflated conditions. The exploration and 
search usually takes at least 15-20 minutes during which 


© ` time the surgeon carefully marks each lesion he is able 


i _ to palpate. Following this, he has his first and second 


assistants carefully examine the lungs for metastases. Not 


© infrequently, the assistants find one or two additional 


. metastatic lesions. AIl of the metastatic lesions should be 
> detected and marke prior to resection of any one lesion 


because the resection inevitably results in artifacts at the 
suture line and atelectasis which may be mistaken for 
additional lesions. 

After exploration is completed, and all metastatic le- 
sions have been marked with sutures, it is easier to plan 
the extent of resection and make the decision between 
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multiple wedge resections and a lobectomy. The -sub- 
pleural location of the metastases makes a wedge resec- 
tion feasible in most instances. We have found that the 
mechanical stapling device is an extremely useful instru- 
ment in patients who need multiple wedge resection. Its 
use is facilitated if the metastasis is outlined with clamps 
such as Bouie hemorrhoid clamps. The excision is per- 
formed with the mechanical stapling device beyond the 
clamps. This insures an adequate margin of normal lung 
parenchyma beyond the metastases. Using this technic, 
local recurrence of metastases at the suture line has been 
kept to a minimum. In fact, we have had only one inci- 
dent of local recurrence and two incidences of missed 
metastatic lesions that required additional thoracotomies 
in the 26 patients with tumor doubling time greater than 
40 days who have survived for long periods. 


Summary 


Evaluation of the results of surgica] treatment in 60 
patients with multiple pulmonary metastases indicates 
that aggressive surgical resection is indicated when tu- 
mor doubling time is greater than 40 days. Approximately 
60% of these patients will survive 5 years after operation; 
therefore, these patients should undergo pulmonary re- 
section even when bilateral thoracotomy is necessary. 
Conversely, patients with tumor doubling time of less 
than 40 days were only slightly benefited by surgical re- 
section and were dead of the disease within 2 years. The 
marked differences in surgically treated patients with tu- 
mor doubling time of less than 40 days when compared 
to those with a TDT of greater than 40 days is illustrated 
by the fact that only 6% of patients with tumor doubling 
time less than 40 days survived 2 years while 94% of those 
with tumor doubling times greater than 40 days survived 
beyond 2 years. Fifty-four per cent of patients in the 
greater than 40-day group required bilateral thoracotomy 
because of bilateral metastatic lesions. 

These differences in the results of surgical treatment 
appear to be due to differences in the biological aggres- 
siveness of the neoplasms in these two groups of patients. 
Patients with prolonged tumor doubling time are less 
likely to develop extra pulmonary metastatic lesions and, 
therefore, resection of the present pulmonary metasta- 
ses greatly improves survival. In contrast, patients with 
tumor doubling times less than 40 days invariably have 
extra pulmonary metastatic lesions which are not de- 
tectable on clinical examination and eventually contrib- 
ute to their death. Thus, pulmonary resection in this 
group of patients results in only a minor prolongation of 
survival. Although immunotherapy appears to prolong 
survival somewhat in these patients, they all eventually 
died of the disease. Hopefully new methods of immuno- 
therapy may improve these results. 
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group of multiple pulmonary metastases, and then get a 60% 
5-year survival rate. The primary tumor must be under control 
for this to be done. 

_ I thought you might like to hear a progress report on the studies 
that have been going on at our institution with osteogenic sar- 
coma of the extremities in childrens" 

This is a tumor which is treated with amputation and thus has 
an advantage, that the primary lesion is under control. Dr. Ralph 
Marcove reviewed a series of 145 patients under 21 years with 
osteogenic sarcoma in the extremities, and found that one of six 
was cured by amputation. Fifty per cent of those not cured by 
amputation were dead in 12 months. Eighty-eight per cent were 
dead in 24 months, arid 95% were dead in 36 months. 

Dr. Marcove used autologous tumor vaccines made from the 
tumor at the time of amputation in a series of 15 patients. He had 
nine patients or 40% who remained free of disease at 36 months. 
That is a considerable improvement, but it is very small series 
which needs expansion. 

.Two years ago we reported a series of 29 patients with pulmo- 
nary metastases of osteogenic sarcoma. At operation, seven pa- 
tients had showers of tumors and it was impossible to clear the 
lungs. In 22 patients, it was possible to remove all of these tumors. 
In those 22 patients, we have now done 61 thoracotomies, re- 
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moved over 150 metastases, and six of 22 are well 5 


amputation. . Reg BR Ena 
One of our best cases was a girl who had had a hip disartitula-, 


tion with a negative chest X-ray. Four months later she had’ niné 
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metastases. After four thoracotomies, and removal of Il metas- ** 


tases, there is no evidence of disease 7 years after amputation, and 
she has graduated from college and married: eee 
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Many of our children have too many metastases to remove; and ` 
we have been using intensive chemotherapy. Dr. Jerry’Rosen of © 


our pediatric department, who treats disseminated osteogenic sar- 


coma patients, has had marked regression in nine of ten patients, ` 


We have monitored the immune status of these children, and 


found that they have remained DNCB positive and maintained. 
their skin reactivities until they were terminal. Even then some of - 


them maintained a positive DNCB. 

Presently, we are trying to see whether immunotherapy and 
chemotherapy with operation will improve our results. It is pos- 
sible to cure one of six with amputation; perhaps another 20 to 
25% with pulmonary surgery alone; and possibly with the addition 
of immunotherapy and chemotherapy this cure rate can be im- 
proved. 


Dr. WittiaM S. Braxemore (Philadelphia): For some time 
we have been interested in immunotherapy. Following some dis- 
appointing results with tumor injection of preparations from the 
patients’ tumor, particularly melanoma, in the middle 1950's, we 


aö oo 
TP have éontinied experimental work with a group of investigators 
‘ — assdciated with Dr. Stuart Mudd. i 
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miéasuring the immune response in man which might be par- 
icularly effective against cancer, particularly as it involves cel- 
liilar hypersensitivity which seems to be a promising approach at 
thi§ time. 

_ We have been using bacterial toxins similar to that of “Coley’s 
toxin” and we think bacterial antigens deserves additional clinical 
trails. We are not using “Coley’s toxin” as he uses mixed bacterial 
toxins but were using the staphyoccal phage lysate because the 


ae ata apparently has some activity for producing cellular 
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* + Dit: Dönaro L. Morron (Closing): Dr. Blakemore, I think 

- BCG îs' only: one of a wide variety of substances that have the 
. ability to non-specifically enhance the cellular immunity. 


. These include corynebacterium parvum, the staphylococcus or 
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mixed bacterial toxins, BCG, and some of the polynucleotides. 
Many of these substances have thë ability to non-specifically en- 
hance immunity to a largé variety of antigens, whether they be 
viral, bacterial, fungal or tumor antigens. 

However, in the animal studies, it is striking that although there 
is some activity when these things are used systemically, much 
better immunity is induced when these substances injected at the 
same site as the growing tumor or with tumor antigen. 

It’s important to emphasize that operation, chemotherapy, ster- 
oids, and even, radiation therapy, have the ability to depress 
immune reactivity. An operation may turn off cellular immunity 
for several weeks. For this reason, the DNCB skin testing should 
be done in the preoperative patient because if it is done in the 
postoperative period there may be a spurious negative test and it 
is the presence of anergy that is important: if the patient has no 
immune capability at all, then he usually does not do well. 

However, the patient may be able to réspond to DNCB which 
is a general antigen but still have some disarrangement in his 
specific immune response to the tumor antigens so that even with 
a positive DNCB test there is not always protection against re- 
currence. ae. , 

I would like to emphasize a point made by Dr. Beattie that 
makes some of you. wonder how we can resect these multiple 
metastatic lesions, I think the record that-I have is 27 in one lung 
and 28 in the other. The reason this is possible is shown on this 
slide. For some reason, possibly having to do with blood flow to 
the lung, 80 to 90% of these metastases are subpleural in their 
location, so that it is easy to remove them with a wedge excision. 

The subpleural location of these mietastases is an, interesting 
phenomenon because the same thing is seen in animals that have 
metastases to the lungs. Here too about 90% of the metastases go 
to the subpleural location which is fortunate from the standpoint 
of resecting them. We find the mechanical stapling device very 
useful in patients with multiple lesions. So, our ‘strategy is to 
conserve as much functioning pulmonary tissue as possible and 
this can usually be done by the multiple wedge resections. 
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A New Approach to Colonic Polyps 


HE KEY to the management of rectal and colonic 
Too is their association with carcinoma. Although 
polyps may come to the clinician’s attention as the result 
of bleeding and, occasionally, by producing intussuscep- 
tion, it is the presence of or potential for cancerous 
change that is the determining factor in their manage- 
ment. For treatment of recto-sigmoid polyps above the 
level of the peritoneal reflection and for colonic polyps, 
the clinician must balance the malignant potential 
against the hazards of surgical removal or the risks in- 
herent in a program of prolonged observation. 

The problems posed by these alternate management 
regimens are well-recognized by experienced surgeons 
and clinicians. They may be outlined as follows: 

Observation Program: 

1. Radiation exposure associated with repeated barium 

enema studies. 

2. Psychological strain of uncertainty on the patient. 

3. Can growth or malignant change be identified ac- 

curately and early by radiologic means? 

4. Are there additional undemonstrated polyps pres- 

ent? 

o. Is there a separate undemonstrated cancer present? 

Operative Program: 

1, Operative morbidity and mortality—affected by pa- 

tient’s age, other disease processes, etc. 

2. Limitations of frozen section at time of operation— 

incomplete, inconclusive, mutilates specimen, etc. 

3. Additional polyps can be missed—even with op- 

erative coloscopy. 

4. Additional polyps may become manifest at a later 

date. 

A case history relevent to the last item is pertinent and 
not atypical. 
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Case Report 


OPM: A 53-year-old woman with recurrent revtalé “bleeding 


had two barium enema X-rays (one air contrast) bothvefswhich — X 


showed a small radiolucent defect in the proximal transverse; “eglos: 


One year previously she had undergone trans-abdomipal? A N 
of benign polyps from the sigmoid and transverse colon: apbst- ; 
operatively she had developed intermittent small bowel’ abstiuc-. 
tion responding to conservative measures and later had to be 
rehospitalized for hepatitis. At colonoscopy, on present admission, - 
the polyp seen radiologically in the transverse colon was removed’ 
endoscopically plus an undiagnosed 1.5 x 1.5 cm. polyp from — 


the sigmoid colon. 


With the development of the fiberoptic colonoscope - 


it is now possible to examine directly the entire colonic 
lumen from the cecum to the anus in a very high per- 


centage of individuals.3*3639 What remains to be de- . 
termined is the safety of the method and its accuracy. 
when applied on a large scale by individuals of varying 


skill and experience.'** In our Endoscopy Unit well oyer | 


2,000 colonoscopic examinations have been performed 
with insignificant morbidity and without mortality:"Our 
routine examination involves the use of the 106 cm. scope 
which generally reaches the transverse colon. The 186 
cm. scope, which can be introduced well into the cecum, 
is employed when there are specific indications*! (Fig. 2). 
Full penetration is possible with a surprisingly high 
degree of success by endoscopists of experience. Dr. 
Shinya has introduced a number of refinements of tech- 
nic which has contributed to complete insertion of the 
long instrument. 

Once the technic of colonoscopy has been mastered, 
the removal by endoscopic means of polypoid lesions 
anywhere in the colon can be accomplished with reason- 
able success!*:3°.34.38 using two tools: (1) a simple adap- 
tation of the tried-and-true electrosnare-cautery wirg 
(Fig. 3) and (2) the tried-and-true principle of common 
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Fic. 1A. Gross morphol- 
ogy and distribution. 


Fic. 1B. Adenomatous 
polyps—gross morphol- 
ogy and distribution. Per- 
cent sessile in parenthe- 
sis. 


Fic. 1C. Villous polyps— 
distribution, Percent ses- 
sile in parenthesis. 





Fic, 2. Colonoscope in cecum. 


sense.*+ We encountered only two patients in whom the 
polypoid lesions were not endoscopically accessible. 
Grossly, polyps are regarded as pedunculated or ses- 
sile, although sometimes the stalk is obscured.2? This 
aspect of gross morphology is more readily appreciated 
endoscopically when the bowel lumen is distended with 
air than in the flattened contracted surgical or autopsy 
specimen, Only 9.4% of the polyps were of the sessile 
type. An interesting, as yet not fully understood differ- 
ence in distribution of sessile and pedunculated polyps 
becomes apparent when they are analyzed according to 
the histologic form, i.e. villous or adenomatous (Fig. Li 
By and large, polyps on a pedicle, fortunately the com- 
moner type, can be resected most readily. Broad-based 


Fic. 3.  Snare-cautery 
wire. 
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TABLE 1. Polypectomy Procedures Per Patient 


First 499 
Polypectomy Operations 


317 Had 1 Procedure 
29 Had 2 Procedures 
4 Had 3 Procedures 


na 


Total patients 350 


TABLE 2. Polyps Removed Per Procedure 


First 499 
Patient Polyps per 
Procedures Procedure 
300 1 Polyp 
47 2 Polyps 
17 3 Polyps 
6 4 Polyps 
6 5 Polyps 
Total Total 
Procedures—376 Polyps—499 





TABLE 3. Polyps Sorted According to Size 


(First 499 Polyps) 
Size (Greatest Diam.) No. of Polyps 


0.5-0.9 cm. 105 
1.0-1.9 cm. 266 
2.0-2.9 cm. 91 
3.0-3.9 cm. 31 
4.0-4.9 cm. 4 
5.0- cm. 2 

499 





or sessile tumors present a more difficult but not uncon- 
querable challenge.” 


Data 


We will present our findings on 499 colonic polyps 
removed endoscopically over a 26-month period. Only 
polyps one-half centimeter in diameter or over are in- 
cluded. Although a large number of smaller polyps were 
also removed during this period these are not included 
since they were invariably benign and their extirpation 
was an incidental event. The number of patients involved 
was 350 since a number of individuals had more than a 
single polyp removal at one or more endoscopic sessions 
(Table 1). The largest number of this size polyps re- 
sected at a single sitting was five (Table 2). 

Sorting of the polyps removed according to size is 
shown in Table 3 and with respect to level and anatomi- 
cal location in Tables 4 and 5. The largest polyps, as 
noted were 5 cm. in diameter (Fig. 15). 
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Two significant complications occurred. One patient 
bled moderately after removal of a wide based 3.5 cm. 
villous adenoma high in the sigmoid colon. The bleeding 
stopped spontaneously within 48 hours and the patient 
was discharged 2 days later. The other was a minimally 
symptomatic perforation which occurred after resection _ 
of a sessile 2 cm. polypoid carcinoma in the distal des- 
cending colon (Fig. 4). Retrospectively this total endo- 
scopic resection was probably ill-advised. However, the 
patient did very well on conservative management, and 
when the bowel was segmentally resected 4 weeks later 
the pathologist could find no evidence of residual tumor. 


Pathology 


Table 6 shows the histologic diagnoses made on the ~ 
polyps removed. The microscopic pathology of ‘colonic. . 
polyps is a complicated and perplexing topic and one sub- 
ject to a variety of interpretations.*-7:11-16.21,22.26.51 For ex- 
ample, the majority of adult polyps have, up until re- 
cently, been regarded as being either of the adenomatous - 
or the villous variety. We discovered a surprisingly large 
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TABLE 4. Location of Polyps Measured by Distance from Anal 
Orifice 


(First 499) Polyps) 
Level (in cm.) No. of Polyps 


10-19 14 fe 
20-29 43 ; en 3 
30-39 92 =- N 

40-49 126: . bes 

50-59 54° a ee 

60-69 58 oh 

70-79 32 hee 

80-89 24 Eana Sin 

90-99 10 : spans 

100-109 14 nn 

110-119 9 a é 

120-129 10 w KIR 

130-139 6 . = 

140-149 1 aS 

150- 6 oe 

499 ae 

TABLE 5. Location of Polyps by Colonic Segments = 

(First 499 Polyps) wy 

Pedunculated Sessile Total = 
Recto-Sigmoid 5 3 8 
Sigmoid 236 23 259 
Descending Colon 139 15 154 
Splenic Flexure 8 5 13 
Transverse 29 11 40 
Cecum & Ascending Colon 15 10 25 

432 67 fop » 
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Fic. 4. Barium enema X-ray (A left) and endoscopically removed 
polypoid carcinoma (B right) of distal descending colon. 


number in which both adenomatous and villous mucosal 
features (Fig. 5) could be identified in the same polyp— 
a fact which is beginning to emerge in the literature.®” 
21,29,34 When early carcinomatous change occurs it is 
possible to demonstrate in which type of epithelium it 
originates. 

The major problem is just what constitutes “malig- 
nancy” in a clinical sense. Our pathologists report readily, 
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TABLE 6. Histopathologic Diagnosis on Endoscopically Removed 
Polyps. 
(First 499 Polyps) 
Adenomatous Polyps 262 
with “atypia” 14 
with superficial or focal carcinoma 5 
Villous or Papillary Adenoma 51 
with “atypia” or carcinoma în situ 4 
with superficial carcinoma 7 
Mixed Villous and Adenomatous Polyps 108 
with “atypia” or carcinoma tm situ 10 
with superficial ezrcinoma 5 
‘Mucosal Polyps” 24 
Miscellaneous (inflamm., fibrovascular, juvenile) 4 
Unretrieved 33 
Malignant “Polyps” 17 


Polypoid adenocarcinoma 
Villous adenoma with invasive carcinoma 
Adenomatous polyp with invasive carcinoma 


fe ION 


499 








and with consistency, the full gamut of cellular altera- 
tion from “focal atypia” to “carcinoma in situ” to full 
blown but “superficial carcinoma.” (Figs. 6-10) Omitting 
“atypia” and “carcinoma-in-situ” our incidence of “malig- 
nancy” in this context is 6.3%, The malignant potential of 
these various “preinvasive”!® changes in terms of the 
patient is moot. We have taken the stand recommended 
by such eminent authorities as Welch,®! Castleman?” 
Morson2!22 and others, that only when definite invasion, 


Fic. 5. Photomicrograph 
showing villous and ade- 
nomatous mucosal fea- 
tures in contiguous areas. 


Vol. 178 « No. 3 


Fic. 6. Photomicrograph 
showing “focal atypia” 
in the mucous membrane 
of an adenomatous polyp. 
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i.e. at least through the muscularis mucosae, can be in- oid lesions in which it is not possible to demonstrate any 
disputably demonstrated (taking cognizance of artefac- remnant of a pre-existing adenomatous or villous polyp 
tual errors) should the lesion be regarded as “clinically” are termed “polypoid carcinomas”. Obviously, there is a 
malignant and we have so classified our material. Polyp- clear call for close collaboration between surgeon and 


Fic. 7. Photomicrograph 
showing “superficial can- 
cer” (Adenocarcinoma) 
in a polyp. This “cancer” 
does not extend beneath 


the muscularis mucosae. 
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Fic. 8. Photomicrograph 
showing transition from 
normal mucosa (on 
right) to atypical glands 


formation (on left). 





-spathologist before final decisions with respect to manage- sidered as almost total biopsy, study of which can be 
ment are made in these cases. carried out by the pathologist in complete and unhurried 
3 Parenthetically, one, not inconsiderable advantage of fashion without mutilation, Eventually, even this may 
endoscopic removal is that the specimen may be con- prove to have limited value since there are indications 


Fic. 9. Photomicrograph 
showing frank invasive 
adenocarcinoma extend- 
ing beneath normal mu- 
cosa. (Same polyp as 
Fig. 6) 





Vol, 178 « No. 3 


Fic. 10. Photomicrograph 
of frank invasive adeno- 
carcinoma in an adeno- 
matous polyp endoscopi- 
cally removed (same 
polyp as Fig. 8). 


that morphological criteria alone may not provide the 
final answer to the problem of malignant transforma- 
tion.” 


Management of “Malignant” Polyps 


We encountered 17 such “malignant” polyps, or 3.4% 
of the total group. The findings and management of these 
are of interest. Only 16 patients were involved since one 
patient had two malignant polyps removed 2 months 
apart. In this patient and two others, it was deemed that 
endoscopic resection accomplished complete removal. 
These three patients had no further operation and have 
had no evidence of recurrence on endoscopic follow-up. 

In 13 individuals abdominal intervention was deemed 
advisable based on the pathologic and endoscopic find- 
ings. Incidentally, two in this group came to us with a 
history of previous colonic resections for cancer. Such 
metachronous cancer is not too unexpected (vide 
infra ).* 

In 12 of these 13 patients, bowel resections were per- 
formed; in the remaining case no resection was per- 
formed because the surgeon could find no residual lesion, 
a fact confirmed by follow-up endoscopy. 

Among the 12 colons resected, seven showed no resid- 
ual tumor in the specimen. In five residual tumor was 
present. The only patient with lymph node metastases 
fell in the last group and this man had, in addition to a 
malignant polyp, an endoscopically recognized and bi- 
opsied adjacent small ulcerating adenocarcinoma. 
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We have found colonoscopy to be a very effective = 


means of follow-up of patients with endoscopically re- 
sected lesions with respect to healing, persistence or re- 
currence. It is also the most favorable means of detection 
of additional polyps to which the polypectomized pa- 
tient is particularly prone.?:17.18.20,25 

A few words of caution are in order. Endoscopic 
polypectomy should not be undertaken until con- 
siderable expertise with the colonoscope has been 
achieved.?*+:37.38 The full spectrum of surgical back-up in 
the event of complications should be available. Equally 
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Fic, 11A. J.P. Barium enema X-ray performed on 67-year-old 


man with history of rectal bleeding and negative sigmoidoscopy 
Villous adenoma shown was removed endoscopically. 
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imp@rtant is the matter of not overlooking an early can- 
cer while attention is focused on the polyp and its re- 
moval. We have encountered a number of such in- 
cidences. (Figs. 11 & 13) The increased incidence of can- 
cer with polyps is well-documented®: 16.22.26.87 (Figs, 12 & 
is ~ 

In the literature, satellite polyps have been reported 
in association with 25% to 50% of colon carcinomas.!2:14:2831 
Also, it has been stated that the patient with multiple 
polyps is twice as likely to develop a colon cancer as the 
patient with a single polyp.** Morson*? claims that of 
patients who have had a colon resection for cancer those 
whose specimens showed polyps in addition to the cancer 
have twice the chance of developing another, meta- 
chronous colonic neoplasm. Certainly, enlightened clin- 
ical practice embraces the concept that where a polyp 
is found, a careful search should be made for a colonic 
cancer as well.10.23-29 


Conclusions 


1. The fiberoptic colonoscope renders all parts of the 
colon endoscopically accessible in most patients. 

2. Most polyps of the colon can be removed via the 

colonoscope once the requisite expertise has been re- 
` alized. 

3. Endoscopic polypectomy can be accomplished with 
a high degree of safety: 499 polyp removals are reported 
with no mortality and with only two significant com- 
plications. 

4. Pedunculated polyps are more readily resected than 
sessile types but the latter are less frequent (9.4%). There 
may be a relationship between gross morphology, an- 
atomical location and histologic classification, 

5. Histologically, polyps may display mixed adeno- 


Fic. 11B. Repeat barium 
enema X-ray performed 
because of vague com- 
plaints. Interpretation: ? 
abnormality of cecum. 
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Fic. 12. H.S. Barium enema radiograph of a 49-year-old man with 
history of passing blood per rectum. Radiologic interpretation: 
polypoid neoplasm of ascending colon. 


matous and villous features in the mucosa more fre- 
quently than is generally appreciated. 

6. Definite malignant changes were observed in 6.8% 
of polyps. However, clinically significant malignant 
change, manifested histopathologically as “invasive” 
cancer, was present in only 3.4%. 

7. Endoscopic polypectomy can be regarded as almost 
total biopsy and permits complete and unhurried pa- 
thologic study of the entire lesion. 

8. Selected “malignant” polyps may not require any 
more than endoscopic removal. 

9. Endoscopic excision of colonic polyps should be 
undertaken only by those who have acquired proficiency 
in the use of the instruments and then only under cir- 
cumstances favorable for management of potential com- 
plications. 

10. The frequent association of separate colonic cancer 
with polyp formation should be recognized and pursuit 
of the polyp not permitted to obscure early diagnosis of 
an associated cancer. 
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Fic. 13A (top left). Endoscopic view showing adeno- 
carcinoma of cecum. (J.P. Fig. 11) 


Fic. 13B (top right). Surgical specimen. (J.P. Fig. 
11) 


Fic. 14A (center left). Endoscopic view of radio- 
logically undiagnosed polyp in sigmoid colon. (Be- 
yond this was a small adenocarcinoma, also radio- 


logically undiagnosed.) ( H.S. Fig. 12) 


Fic. 14B (center right). Surgical specimen following 
subtotal colectomy, showing carcinomas in ascending 
colon and sigmoid colon, as well as the polyp pre- 
viously noted. (H.S. Fig. 12) 


Fic. 15 (lower right). Five centimeter colonic polyp 
removed from descending colon (60 cm. level). 


(Color photography financed by the Olympus Corpo- 
ration of America ) 
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department brought over their colonoscope and we used it in the 
operating room. 

Before draping the patient, we inserted it into the rectum and 
performed a laparotomy. We were able to pass the colonoscope 
through the entire bowel by threading the bowel over it all the 
way to the duodenal-jejunal junction. We turned out the lights in 
the operating room and by turning up the light in the scope we 
could see through the bowel wall at every point and a the 
malformations which were confirmed by the colonoscopist 
in the lumen. You can see the scope here passing through the 
colon. 

We were able to resect the two large malformations, one 


ooking 
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in the jejunum and one in the ileum. The colonoscope was also 
helpful at the end of the procedure because the bowel was very 
dilated with air but the scope was passed up to the duodenum, 
suction on the scope was turned on, the scope was pulled back 
through the bowel. The bowel collapsed and the abdomen was 
easily closed. 


Dr. Ciraupe E. Weren (Boston): We are all very grateful to 
Drs. Wolff and Shinya for their contributions to this rapidly 
expanding field and also for their great generosity in demonstrat- 
ing their technics to so many people. 

Among others from our institution, Dr. Steven Hedberg sat at 
their feet for a few days and has developed the procedure at the 
Massachusetts General Hospital. If I may be permitted to show a 
couple of slides, I would like to comment on some of the points 
that Dr. Wolff has made. 

The first slide illustrates the fact that 123 polyps were removed 
up to the 31st of March, 1973. In this group 11 polypoid lesions 
were found to contain cancer. In this group the villous adenomas 
were by far the most dangerous. On the other hand, there was 
one adenomatous polyp that contained a cancer, The villoglandu- 
lar polyps in this small series showed no concurrent cancer though 
we have observed it in other series. Polypoid carcinomas were 
found in 4 of the 11. Our figures agree rather closely with those 
of Dr. Wolff, namely that the cancer is present in about 8 to 10% 
in all of the lesions that are removed. 

In contradistinction to his findings, however, we have not 
found colonoscopy-polypectomy quite as safe a procedure. One 
patient bled severely during a diagnostic colonoscopy because of 
rupture of the spleen. Three others have had rather severe 
bleeding. Two have had perforations. The patient with the rup- 
tured spleen and the two with the perforations required lapa- 
rotomy while the other complications were treated in a con- 
servative fashion. 

Our figures also show that there are many polyps, some of 
which are as large as 2 centimeters in diameter that are dis- 
covered by this method which have not been detected by the 
barium enema. 

There certainly is no question but that this method of diagno- 
sis and treatment is extremely valuable. In another year or two 
the whole history of polyps and of early cancer of the colon will 
undergo important revisions because of the data that will be ob- 
tained. Meanwhile, there is certainly no question but that we 
must take a careful look at the method by which polypectomy, 
in particular is being effected. 


Dr. Joun ENGLEBERT DunpHy (San Francisco): I should like 
to congratulate Dr. Wolff and also thank him for a major con- 
tribution to colonic surgery. 

Dr. Theodore Schrock from our department spent a substantial 
period of time with Dr. Wolff. Upon his return, he performed 
100 colonoscopies before attempting a polypectomy. He has per- 
formed about 300 colonoscopies. He has removed polyps from 70 
odd patients. 

There have been essentially no complications, except one bleed- 
ing episode following morcellation of a very large polyp. 

in addition to its role in colonoscopy—or rather in the manage- 
ment of polyps, it has been of extreme value in the detection of 
some early carcinomas where the X-rav was either negative or 
vaguely suspicious. A definitive diagnosis has been possible instead 
of repeating the barium enema in several months time. Finally, it 
has been very helpful in the appraisal of patients with a variety of 
stages of Crohn’s disease, particularly in a lesion which appeared 
to be apparently segmental colitis but on colonoscopy was, in 
fact, total. 

I am certain if one is to remove polyps with this instrument 
this is indeed a surgical procedure. The use of the instrument 
should be concentrated in the hands of a few members of the 
staff who are quite willing to devote the time and acquire the 
expertise and skill to do it safely and well. I believe this instru- 
ment is going to essentially eliminate the need for abdominal 
laparotomy in the control of polyps. 
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Dr. Francis D. Moore (Boston): I also would like tp con- 
gratulate Dr. Wolff and Dr. Shinya in what I think is a quantum 
advance in abdominal surgery in this past couple of years, 

We felt we should not get involved in this without careful 
study. In February 1971 Dr. Wolff and Dr. Shinya were kind 
enough to welcome one of our residents, Dr. Paul Sug@rbaker, to 
study with them. I am sorry he can not be here today fo speak. 
Since that time, we have done 355 colonoscopies of which 109 
polyps have been removed. 

Although many of the colonoscopies of a diagnostic type have 
been ambulatory, all of the polypectomies have been dore in the 
hospital, in hospitalized patients. All were done in the operating 
room and the patient had operative preparation. The anesthetist 
had known that the procedure was going on even though no 
anesthesia was used because we realized that we may have un- 
desirable complications. 

Of these 109 polyps most were 0.5-3.0 cm, in diameter. Four 
others were so large and so broad based that they were deferred 
and treated by open laparotomy. 

The per cent proved to be carcinoma and a half of them were 
invasive. 

It is disappointing that of all of the patients with polyps who 
had preoperative measurement of their carcinomoembryionic anti- 
gen, none have had positive assays even though the polyp was 
malignant, 

We have had three complications, one bleeding requiring opera- 
tion and two free perforations. Dr. Wolff mentioned an interesting 
thing: the asymptomatic perforation. This colon is filled with air 
and when it perforates it does not give the patient a very acute 
abdomen. We must have a very high index of suspicion and if 
necessary, of course, check it by X-ray. 

Our group has been interested by the fact that if there is sharp 
pain whatsoever at the time the polyp is removed by cauteriza- 
tion, beware, this suggests that the visceral peritoneum is being 
irritated by the cautery. | | 

Confirming what Dr. Dunphy has said, we have had 14 patients 
in whom the x-ray department would not make a flat-footed 


diagnosis of diverticulitis versus carcinoma (or both), and the 


colonoscopy has called it correctly in all cases. 

I feel this method of colonoscopy is going to be widely used. I 
think it is a fairly hazardous procedure. I think it also requires a 
lot of time. Many of us are used to doing a quick proctoscopy or 
sigmoidoscopy. Many of these colonoscopy examinations take 1% 


or 2 hours. I believe there should be very careful training op: 
apprenticeship with an ee before a person undertakes this” 


procedure, so as to reduce the hazard. 


Dr. Wittiam I Worrr (Closing): I would like to thank all ~ 


the discussants for their very kind remarks, 


+ 


4 


I want to congratulate Dr. Folkman on his bold and imaginative < 


intra-operative use of the endoscope. 

Dr. Welch’s monograph on this subject has been of inestima- 
ble value to us. One of the confusing features in the pathology of 
these types of polyps is in the group which Dr. Welch calls “vil- 
loglandular.” Unfortunately, Dr. Morson, the British pathologist, 
refers to these as “papillary adenomas” and in this country we 
use the term “papillary” as synonymous with “villous” adenoma, 

I agree with Dr. Dunphy’s comments that this is not something 
that should be turned over to somebody and anybody. We think 
one or two members of a given staff should spend time with it 
and develop the requisite expertise. I am hopeful that surgeons 
will get into this program before the gastroenterologists take it 
over completely. 

I agree with Dr. Moore’s comments. Time did not permit the 
fact to be brought out that we do hospitalize all our patients who 
are candidates for polypectomy. They are very carefully worked 
up, with the idea in mind that should a complication occur, we 
can move rapidly into the operating room to treat the patient, if 
necessary. Close follow-up of these patients is mandatory. 

These patients have to be seen by someone a number of hoys 
after the procedure is done, even though it had seemed to be a 
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- very safe procedure. Proper preparation means that the bowel is 


well cleaned out. The.clinical signs and findings may be minimal 
then, should a small perforation occur. 

The determination of carcinoembryonic antigen levels is a very 
interesting subject and one which we are beginning to pursue 
with the help of Dr. Zamcheck. It is hoped that by getting speci- 
mens on these patients; when the tests for CEA become more 
sensitive, we might be able to find something interesting with 
this examination. It is possible that even at the present time this 
determination does have a use and I would say that a patient who 
has a polyp and has an elevated CEA antigen, should have a 
careful search made for an associated carcinoma. 

I would really like to emphasize a point that associated car- 
cinomas may be missed if they are not kept in mind and, if I 
may, I would just show four slides here which will very briefly 
demonstrate this point. 

This. is a patient with a 10-year history of spastic colitis who 
had some rectal bleeding. He was sigmoidoscoped. Nothing was 
found. He had a barium enema X-ray and a polyp was found in 
his sigmoid colon (Fig. lla). 

This was removed endoscopically (Fig. 11A). The patient came 
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in later with some rather vague complaints. I do not know why 
but I looked over his barium enema and I thought the cecum 
didn’t look exactly perfect (Fig. 11B). 

We did a repeat colonoscopy after finding guaiac positive stools 


and went all the way around to the cecum and found a very - 


early carcinoma in the cecum (Fig. 13A). 

This slide is the barium enema X-ray done efter a negative 
parce Y after the bleeding episode. This is the polyp, seen 
endoscopically at the 50 cm. level, which was removed. 

This is the repeat barium enema X-ray showing a questionable 
cecal lesion. On review by the radiologists they were unable to 
make any definite diagnosis. They said there might be some re- 
tained fecal material in there. We decided under the circum- 
stances to colonoscope the patient. The tip of the colonoscope is 
now in the cecum, as seen here and this is the lesion in question 
(Fig. 13A). 

Here is the surgical specimen, the appendix here, and here 
showing early carcinoma in the cecum itself (Fig. 13B). 

I think that as more people become involved in this procedure 
they are going to be so intent in removing the polyp that they are 
going to overlook the possibility of an associated carcinoma. 
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ministration rate is governed by protein requirements and glu- 
cose tolerance. Advance dosage slowly with frequent determina- 
tion of urine and blood sugar levels 

To prevent rebound hypoglycemia, 5% dextrose should be ad- 
j 


gis- 


ministered when hypertonic dextrose infusions are abruptly 


continued 


PEDIATRIC DOSAGE AND ADMINISTRATION: Smal! infants 

(up to 10 kg.) on total parenteral nutrition generally receive 2 

3 g. of protein, 100 calories, and 120 to 150 ml. of fluid per kg. of 

body weight per day. provided in a solution of approximately 

21⁄4% FreAmine in 20% dextrose. Advance dosage slowly with 

frequent monitoring. (See Warnings above) 

Large infants and children generally require 50 to 80 calories per 

kg. per day. 

ROUTE: Intravenous. 

CAUTION: Federal (U.S.A.) law prohibits dispensing without 

prescription. 

HOW SUPPLIED: 8.5% FreAmine Solution is supplied sterile and 

nonpyrogenic in 500 ml. intravenous irfusion bottles 

*Crystalline amino acid mixture, isolated and purified from edi- 
ble soybean hydrolysate or synthesized. 

**500 ml. of 8.5% FreAmine Solution contains 6.25 g. of nitro- 


gen, and the equivalent of 39 g. of protein. 
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SOOTHE WITHOUT 
SENSITIZING 


Tucks pads soothe and comfort two ways after 
anorectal surgery, with no potentially sensitizing 
“caine” type anesthetic. As a wipe, these soft 
cotton flannel pads gently, yet thoroughly cleanse 
as they soothe. As a cooling compress they relieve 
post-operative discomforts. And they can be used 
as often as needed with minimum risk of 
sensitization or over-treatment. 


The solution is 50% witch hazel and 10% glycerine, 
buffered to pH 4.6 to maintain the natural skin 
acid level. 


Trust Tucks for prompt relief of post-operative 
discomforts. And let your patients use them often. 
Send for a trial clinical supply on your Rx 


*The Committee on Pre and Postoperative Care, American 
College of Surgeons Manual of Preoperative and 
Postoperatıve Care. Second Edition: W. B. Saunders Co 
Philadelphia. Pa. 1971. p. 423 


FULLER LABORATORIES, INC. 
Eden Prairie, Minnesota 55343 








Three ways to 





i minimize emergence - 
reactions when youuse 


r e ETS face it: nearly every anesthesi- 
ologist knows by now that Ketalar is 
an unusually effective general anes- 
thetic or induction agent, with a wide 
margin of safety. Many view it, in 
fact, as a major advance in the treat- 
ment of such high-risk patients as 
the very young and the very old... 
burn cases... accident victims... 
and those suffering from respiratory 
disorders such as emphysema. 

And nearly every anesthesiologist 
also knows from the literature (or his 
own personal experience) that some 
patients have experienced unpleas- 
ant emergence reactions following 
the administration of Ketalar. 

What is perhaps less known is 
that a combination of patient 
selection, addition of certain drugs, 
and the lessening of external stimuli 
has proved effective in reducing 
the incidence and severity of 
emergence reactions, These 
techniques are easy to apply and, 


Keētalar 


(Ketamine HCI) 


according to many clinical inves- 
tigators, are remarkably useful. 
1. Presurgical medication 
High on the list of methods of reduc- 
ing emergence reactions are certain 
drugs used preoperatively. These 
reactions can often be prevented by 
administering: 

Droperidol, 0.1 mg/kg, IM, 

30 minutes before anesthesia. 


2. Postsurgical medication 
After surgery, emergence reactions 
can often be aborted or prevented 
entirely by administering one of the 
following: 
Droperidol, 0.07 to 0.1 mg/kg, IV 
Diazepam, 0.1 to 0.3 mg/kg, IV 


A subanesthetic dose of an 
ultrashort-acting barbiturate. 


3. Avoid tactile and auditory stimuli 
whenever possible 


The incidence of emergence reac- 
tions following Ketalar anesthesia 
appears to be profoundly affected by 
external auditory and tactile stimuli. 
ideally, the patient should be 





advancement in xO Kētalar 


engaged in calm, noncontroversial 
conversation (on a single subject, if 
possible) before surgery; afterward, 
he should be permitted to emerge 
from anesthesia with minimal audi- 
tory, visual, and tactile stimuli, 

Will the three preventive tech- 
niques discussed here — patient 
selection, drugs, and ambience — 
obviate all emergence reactions fol- 
lowing Ketalar anesthesia? No, but 
they will significantly reduce the 
incidence and severity of those 
reactions, 

Any assessment of Ketalar, how- 
ever, should take into account its 
many important advantages — 
especially for the high-risk patient 


| eae 


where efficacy and a wide margin.of o ` 


safety have made it increasingly 


valuable to today’s anesthesiologists.* 9° 


As more and more are discovering” 
every day. 


See next page for prescribing 
information. 
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KETALAR (Ketamine Hydrochloride) 


ə SPECIAL NOTE: EMERGENCE REACTIONS HAVE OC- 


CURRED IN APPROXIMATELY 12 PER CENT OF PA- 
TIENTS. 

THE PSYCHOLOGICAL MANIFESTATIONS VARY IN SE- 
WeRITY BETWEEN PLEASANT DREAM-LIKE STATES, 


‘VIVID IMAGERY; HALLUCINATIONS AND EMERGENCE 


DELIRIUM. IN SOME CASES THESE STATES HAVE BEEN 
ACCOMPANIED BY CONFUSION, EXCITEMENT, AND 
IRRATIONAL BEHAVIOR WHICH A FEW PATIENTS RE- 
CALL AS AN UNPLEASANT EXPERIENCE. THE DURA- 
TION ORDINARILY LASTS NO MORE THAN A FEW 
HOURS; IN A FEW CASES, HOWEVER, RECURRENCES 
HAVE TAKEN PLACE UP TO 24 HOURS POSTOPERA- 
TIVELY. NO RESIDUAL PSYCHOLOGICAL EFFECTS ARE 
KNOWN TO HAVE RESULTED FROM USE OF KETALAR. 
THE INCIDENCE OF THESE EMERGENCE PHENOMENA 
IS LEAST IN THE YOUNG (15 YEARS OF AGE OR LESS) 
AND ELDERLY (OVER 65 YEARS OF AGE) PATIENT. 
ALSO, THEY ARE LESS FREQUENT WHEN THE DRUG IS 
GIVEN INTRAMUSCULARLY. 


THESE REACTIONS MAY BE REDUCED IF VERBAL, TAC- 
TILE, AND VISUAL STIMULATION OF THE PATIENT JS 
MINIMIZED DURING THE RECOVERY PERIOD. THIS 
DOES NOT PRECLUDE THE MONITORING OF VITAL 
SIGNS. IN ADDITION, THE USE OF A SMALL HYP- 
NOTIC-DOSE OF A SHORT-ACTING OR ULTRASHORT- 
ACTING BARBITURATE OR OTHER AGENT SUCH AS 
DIAZEPAM MAY BE REQUIRED TO TERMINATE A 
SEVERE EMERGENCE REACTION. CERTAIN DRUGS 
SUCH AS DROPERIDOL OR DIAZEPAM INTRAMUS- 


. -| AGULARLY HAVE ALSO BEEN USED IN AN ATTEMPT 
"FO: REDUCE THE INCIDENCE OF EMERGENCE REAC- 
ETJONS: SUFFICIENT DATA HAVE NOT YET BEEN 
` [ ACCUMULATED TO CONSTITUTE THOROUGH DOC- 
| UMENTATION, THE INCIDENCE OF EMERGENCE RE- 


ACTIONS IS REDUCED AS EXPERIENCE WITH THE 
DRUG IS GAINED. 

WHEN KETALAR IS USED ON AN OUTPATIENT BASIS, 
THE PATIENT SHOULD NOT BE RELEASED UNTIL RE- 
COVERY FROM ANESTHESIA IS COMPLETE AND THEN 
SHOULD BE ACCOMPANIED BY A RESPONSIBLE 


ADULT. 


_| INDICATIONS: Ketalar is recommended: 1. as the sole 
_ anesthetic agent for diagnostic and surgical procedures 


that do not require skeletal muscle relaxation. Ketalar 
is best suited for short procedures but it can be used, 


a eee .. with additional doses, for longer procedures. 2. for the 
‘induction of anesthesia prior to the administration of 


other general anesthetic agents. 3. to supplement low- 


g “4; potency agents, such as nitrous oxide. 
=f. See package insert for full prescribing information. 


CONTRAINDICATIONS: Ketalar is contraindicated in 
persons in whom a significant elevation of blood pres- 
sure would constitute a serious hazard and those who 
have shown hypersensitivity to the drug. 


WARNINGS: Ketalar should be used by or under the 
direction of physicians experienced in administering 
general anesthetics and in maintenance of an airway 
and in the control of respiration. Cardiac function 
should be continually monitored during the procedure 
in patients found to have hypertension or cardiac de- 
compensation, Barbiturates and Ketalar should not be 
injected from the same syringe. Prolonged recovery 
time may occur if barbiturates and/or narcotics are 
used concurrently with Ketalar. Postoperative confu- 








O Kētalar: 


(Ketamine HCI) 





sional states may occur during the recovery period. 
Respiratory depression may occur with over-dosage or 
too rapid a rate of administration of Ketalar in which 
case supportive ventilation should be employed. Me- 
chanical support of respiration is preferred to adminis- 
tration of analeptics. 


USAGE IN PREGNANCY: Since the safe use in preg- 
nancy, including obstetrics, has not been established, 
such use is not recommended. 


PRECAUTIONS: Because pharyngeal and laryngeal re- 
flexes are usually active, Ketalar should not be used 
alone in surgery or diagnostic procedures of the 
pharynx, larynx, or bronchial tree. Mechanical stimula- 
tion of the pharynx should be avoided, whenever pos- 
sible, if Ketalar is used alone. Muscle relaxants, with 
proper attention to respiration, may be required in both 
of these instances. Resuscitative equipment should be 
ready for use. The incidence of emergence reactions 
may be reduced if verbal and tactile stimulation of the 
patient is minimized during the recovery period. This 
does not preclude the monitoring of vital signs (see 
Special Note). The intravenous dose should be admin- 
istered over a period of 60 seconds. More rapid admin- 
istration may result in respiratory depression or apnea 
and enhanced pressor response. In surgical procedures 
involving visceral pain pathways, Ketalar should be sup- 
plemented with an agent which obtunds visceral pain. 
Use with caution in the chronic alcoholic and the 
acutely alcohol-intoxicated patient. An increase in cere- 
brospinal fluid pressure has been reported following 
administration of ketamine hydrochloride. Use with ex- 
treme caution in patients with preanesthetic elevated 
cerebrospinal fluid pressure. 


ADVERSE REACTIONS: Cardiovascular: Blood pressure 
and pulse rate are frequently elevated following admin- 
istration of Ketalar. However, hypotension and brady- 
cardia have been observed. Arrhythmia has also 
occurred. 


Respiration: Although respiration is frequently stimu- 
lated, severe depression of respiration or apnea may 
occur following rapid intravenous administration of 
high doses of Ketalar. Laryngospasms and other forms 
of airway obstruction have occurred during Ketalar an- 
esthesia. 


Eye: Diplopia and nystagmus have been noted follow- 
ing Ketalar administration. it also may cause a slight 
elevation in intraocular pressure measurement. 


Psychological: (See Special Note). 


Neurological: In some patients, enhanced skeletal mus- 
cle tone may be manifested by tonic and clonic move- 
ments sometimes resembling seizures. 


Gastrointestinal: Anorexia, nausea or vomiting have 
been observed; however this is not usually severe and 
allows the great majority of patients to take liquids by 
mouth shortly after regaining consciousness. 


General: Local pain and exanthema at the injection site 
have infrequently been reported. Transient erythema 
and/or morbilliform rash have also been reported. 


HOW SUPPLIED: Ketalar solutions containing the hy- 
drochloride in concentrations equivalent to ketamine 
base are available in 5, 10, 20, and 50 mi. vials. These 
vials contain 100, 50, 10, and 10 mg./ml., respectively. 
Each vial is supplied individually and in cartons of 10. 
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PD-JA-1095-1-P (7-73) 


PARKE, DAVIS & COMPANY Detroit, Michigan 48232 
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Direct visualization of the joints via arthroscopy has been shown to aid the surgeon in 
the identification and localization of pathology. This diagnostic technique previously re- 
quired general anesthesia and involved considerable trauma resulting from the incision 
necessary to admit the conventional, large diameter (10mm) viewing needle. 


The Dyonics Needlescope utilizes an extraordinarily thin (1.7mm) optical inserting needle 
made possible by the development of a patented, self-focusing rod lens. The special prop- 
erties of this lens allow visualization of a target very close to the tip as well as at a distance 
with a depth of focus 1.0mm to near infinity and a field of view of 55 degrees. No incision is 
required and the diagnostic procedure may be performed under local anesthesia. The Needle- 
scope ensemble shown below provides all the necessary components requisite to joint ar- 
throscopy, including a high intensity light source and fiber optic light guide for optimum 
illumination of the joint cavity. 





1. Cannula 4. Handle 7. Optical Needle 10. Instrument Case 
2. Obturator 5. Trocar 8. Light Guide 11. Carrying Case 
3. Ocular Assembly 6. Biopsy Forceps 9. Light Source 12. Instruction Manual 


A 


RICHARDS MANUFACTURING COMPANY, INC. 
1450 BROOKS RD., MEMPHIS, TENN. 38116, A.C. 901 + 396-2121 


IN CANADA, RICHARDS SURGICAL LIMITED, 130 EAST DRIVE. BRAMALEA ONTARIO, L6T 1C3, (416) 677-9744 


RICHARDS MANUFAC TURING CO INC 197 
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Yesterday. The © 
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Today. The predictable strength of 


Up until a few years ago, catgut was the only 
absorbable suture around. And it served surgeons 
well... most of the time. But now DEXON offers a 


new kind of strength and predictability in an 


absorbable suture: It holds at the knot where gut 





unpredictability of catgut. 
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DEXON polyglycolic acid suture. 


frequently breaks. It maintains its strength through 
the critical wound healing period. It absorbs at 

a predictable and uniform rate with minimal tissue 
reaction. And it is easy to handle. DEXON. 
Tomorrows suture is already here. 


The future is with 


DEXON 


Ee next page for complete product information 
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Oficial Package Insert 
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followed by a opic lover of ROUS 
wich qows ilo tne suhre 
reoteriat Annal studies (sutscutcmecus RSSa 
in tats, rabii and cogs} revealed minimal 
sypsonption at T ko 45 cays, significant 
omoten al 20 days, and maxirnum 
resorption after 60 to 90 days. Tensile strangm. 
sot being a fyumahon of ine essortion (oe, 
may vary form tissue fo tissue, depenaing in 
mor on the tate of hydrolysis. The early lense 
strength of DEXON is reporied io be greer 
ihon that of compatable chramic catgut in 
animal studies (subcutaneous tissue of nots 
rabbits and docs} there occured a 3010 
RO% jogs of initial tensie strength in one week 
end 60 to 80% joss in two weeks, ai which Erne 
os in the case with chromic catgut no useful 


residual tensie sverngin remains 
















INDICATIONS DEXON sutures are indicated 
whenever absoroatlie sutures and igatures 
are amoloyed, provided that extended 
nporoximation of issues is not PCR HE OF 
where undue postoperciive tenson or stess 
not anticipated. DEXON is alsa indicated 
where fon-cosorbaile sutures are used for 
their characteristic tack of tissue reaction 


CONTRAINDICATIONS DEXON is 
contraindicaied where extended 
aporcadrnation of issues uncer sain fast De 


Sncnic3ned: 


WARNINGS The safe use of this suture ir 
cordiovescutar neural and OPRIG o! 
surgery has not been establianed Under 
certain crournstonces., nO EIRO DECEE 
procedures, snrratiizction Dy Earme 
suppor may De employed at ine geret 
ofthe surgeon Do not restenlize. Discard 
opened, unused! suures 

PRECAUTIONS Acceptabie sugea practce 
saaug be fofowed wiih respect fo cicanage 
ond closure of infected wounds. DEXON 


~giyfure knots must be propery piace to be 
secure Therefore, place first row in Precise 


DosiiON for final krof, using a Chouibie loca. 


tie secondi Mow sauce using horzantas 
tension: aciditional ntows may Oe used Os 


cesed. Skin sutures which remain IN OTS 





-io perioda of longer nan seven chores Try 
cause localized tomca imitation and the 


extended porion af suture may be snipped 
Off offer five fo seven days, os incicated 


ADVERSE REACTIONS Those reactions that 
hove been rooted inclucie issue ‘ecko 
or inflammation, fiotous oF granulation hssue, 
wound separction and bleeding and 
Secumulcoan of fluid ground subcuiculay 
stiches. 


DOSAGE AND ADMINISTRATION Use as 


required. Do not restedlize. Discard Opened, 
unused SURES. 

HOW SUPPLIED Suture sizes 6-0 through 1 
Supplied in cut lengths orligahng reais. 
non-needied of affixed to the various 

Davis & Geck ATRAUMATIC* needies in nree 
dozen packages. rev ó Tİ 
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ALUMINUM 
DRUM 


e 
Versatile 
é 
Guaranteed 
+ 
Finest Quality 








IMPROVED TO SIMPLIFY SKIN GRAFTING! 

Accurate and uniform grafts up to 4 to 8 inches, Throw- 
away Blades, Dermatame Tape, and other accessories rT 
available for all models. Will take pattern grafts and 
will resplit grafts. Proven by thousands of Surgeons, 


Write Today For Complete Information! 


PADGETT DERMATOME DIVISION 


2838 WARWICK TWFY., KANSAS CITY, MO. 64108 
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Change of Address: Please allow 60 days 
before date of issue for change of address. 
Notification should include the old as well 
as the new address, with indication of 
whether the change is temporary or per- 
manent. Please give the name of the Jour- 


nal, 


Send Change of Address cards to: 


ANNALS OF SURGERY 
c/o Fulfillment Manager 
East Washington Square 


Philadelphia, Penna. 19105 
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(ravase® Ointment brand of Sutilains 
\PPLICATION TECHNIQUE: TRAVASE Ointment is indicated as an adjunct ences ei this err Arana 95 Bae) Ointment aene 
i j j i preparation of proteolytic enzymes, or y 
0 established methods of wound care for biochemical debridement. It hydrophobic ointment base consisting of 95% white petrolatum and 5% 
lissolves and facilitates the removal of necrotic tissues and purulent polyethylene. One gram of ointment contains approximately 82,000 casein 
xudates. e units* of proteolytic activity. N 
RAVASE enzymes are selective. Virtually inactive on viable tissue. ACTION: TRAVASE Ointment söloctivoly digasta peccon mit mene by 
. 6 ‘ ‘ > sira t c action. issolves and facilitates the removal of necrotic 
Vhen this recommended nursing technique is followed without deviation, Pea Vind purulent exudates that otherwise impair formation of 
his procedure can generate visible improvement within 48 hours... granulation tissue and delay wound healing (4). 
p At body temperatures these proteolytic enzymes have optimal activity in x 
the pH range from 6.0 to 6.8. 


INDICATIONS: For wound debridement (1,2)—TRAVASE Ointment is 
indicated as an adjunct to established methods of wound care for 
biochemical debridement of the following lesions: 


Second and third degree burns, 

Decubitus ulcers, 

Incisional, traumatic, and pyogenic wounds, 
Ulcers secondary to peripheral vascular disease. 


CONTRAINDICATIONS: Application of TRAVASE (brand of sutilains) 
Ointment is contraindicated in the following conditions: 


Wounds communicating with major body cavities, 
Wounds containing exposed major nerves or nervous tissue, 
Fungating neoplastic ulcers, 


Wounds in women of child-bearing potential—because of lack of 
laboratory evidence of effects of TRAVASE upon the developing fetus. 

















cer being irrigated) Thoroughly soak the wound With a sterile cotton swab or WARNING: Do not permit TRAVASE Ointment to come into contact with 
bee cleanse and area. Where practical, tubbing finger cot, apply a very thin Pra eyon: In atnan ora egiaren agag tek eas hovið 
igate the wound area using ©. or showering is suitable. Or layer of TRAVASE Ointment. hi Pana , - 
ly sterile water or sodium -W et soa ks with gauze pads The ointment spreads easily be immediately rinsed with copious amounts of water, prefera terile. 
oride solution. Be sure togaec “may be’ used. Remember to and only a small amount is PRECAUTIONS: A moist environment is essential to optimal activity o 
anse the wound of any $ Z SHOAL -chemical cleansing needed (a small dab of ona yhie. Sora may aop vo shor ie by caran agents. In vitro, 
i j x TE 2 foe shi : i f several detergents and antiseptics (benzalkonium chloride, 
aice ot nea oc a Cee ee ra! peli pop may interfere oiean yon eana y riag hexachlorophene, iodine, and nitrofurazone) may render the substrate 
2 intertare Eih the ien eGo WIEN ne apy. ig as the back of a hand). indifferent to the action of the enzyme (3). Compounds such as thimerosal, 
Te BE y CO containing metallic ions interfere directly with enzyme activity to a 
ryme activity. AN oe Be sure, though, to rub the siight degree, whereas neomycin, sulfamylon-streptomycin, and penicillin 
tment well int k i i 
7 ointment well into every crac do not affect enzyme activity. In cases where adjunctive topical therapy 
or crevice of the wound and has been used and no dissolution of slough occurs after treatment with 
ee overlap the surrounding skin TRAVASE Ointment for 24 to 48 hours, further application, because of 


one-fourth to one-half inch interference by the adjunctive agents, is unlikely to be rewarding. 
beyond the area to be In cases where there is existent or threatening invasive infection, 
debrided—to be sure of appropriate systemic antibiotic therapy should be instituted concurrently. 
complete coverage. : 
Although there have been no reports of systemic allergic reaction in 
iat me humans, studies have shown that there may be an antibody response in 
humans to absorbed enzyme material. 


ADVERSE REACTIONS: Adverse reactions consist of mild, transient pain, 
paresthesias, bleeding and transient dermatitis. Pain usually can be 
controlled by administration of mild analgesics. Side effects severe 
enough to warrant discontinuation of therapy occasionally have occurred. 


If bleeding or dermatitis occurs as a result of the application of TRAVASE 
(brand of sutilains) Ointment, therapy should be discontinued. No systemic 
toxicity has been observed as a result of the topical application of 
TRAVASE Ointment. 


Dosage and Administration 


STRICT ADHERENCE TO THE FOLLOWING IS REQUIRED FOR EFFECTIVE 
RESULTS OF TREATMENT 


1. Thoroughly Cleanse and Irrigate Wound Area with sodium chloride 
or water solutions. Wound MUST be cleansed of antiseptics or 
heavy-metal antibacterials which may denature enzyme or alter 
substrate characteristics (e.g., Hexachlorophene, Silver Nitrate, 
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ply 10 E€SSINGS, = “Cover the moist dressings When changing dressing, Benzalkonium Chloride, Nitrofurazone, etc.). 
oroughly soaked in sodium ~ with an occlusive wrap gently wipe away the y- 
Noride ‘Solution or sterife,’  « {Saran wrap, Telfa Pads, or dissolved material. Repeat the 2. Thoroughly moisten wound area either through tubbing, showering, 
i sr to the atea to be“. » other plastic wrappings) to complete dressing procedure, or wet soaks (e.g., sodium chloride or water solutions). 
brided only. a ey hee vi keep wound site moist. Do not including application of 3. Apply TRAVASE Ointment in a thin layer assuring intimate contact 
eSEE Se. Se. extend occlusive wrap over TRAVASE Ointment, four with necrotic tissue and complete wound coverage extending to 
eo Bae ieee Re 1⁄2 inch beyond area to times daily. V4 to Y2 inch beyond the area to be debrided. 
Pat eee deat T ERES. be debrided. i 
pp fe E EE ; 4. Apply loose wet dressings. 
he ulcer shown-in these photos is simulated on a model in order to demonstrate 5. Repeat entire procedure 3 to 4 times per day for best results. 


te correct TRAVASE application technique. 


How Supplied 


3P3002 TRAVASE Ointment is supplied sterile in one-half ounce tubes 
(14.2 g.) containing 82,000 casein units of sutilains per gram of 
hydrophobic ointment base. 
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To: FLINT LABORATORIES 
=- Division of Travenol Laboratories, Inc. fae oreo’ F) must be stored under refrigeration at 2° to 10° C 
: o . 


=>:200 Wilmot Road 


Deerfield, Illinois 60015 References 
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*A casein unit is the amount of enzyme required to produce the sama g 
optical density at 275 mų as that of a solution of 1.5 mcg. tyrosine/m”. 
after aa enzyme has been incubated with 35 mg. of casein at 37° C. for 
one minute. 
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VERSATILITY TAILORED 


Electrocardiograph 


Start with the basic 
mobile ECG — solid- 


State; patient-isolated: 
automatic lead marking. 


ECG with Monitor 


Add the CS/515 Monitor/Heart Rate 
Meter and a stabilizer for the stand to 
give you a l-bed ICU, or an ideal 
combination for surgery, recovery or 


emergency room. 


Complete Compact Coronary Care Center 


he d ator/ synchronizer for a versatile low-cost 
combination for interim intensive care or graded 


Add the defibrillator 


Stress-testing. 


MO 'ITORI, IG 
TO YOUR NEEDS 


on Mobile Stand 


BURDICK’S MOBILE COMPACT CORONARY CARE CENTER 

Burdick has developed a sensible and economical approach to building 
your monitoring capabilities tailored to need. It answers the three demands of 
sound operational economy — mobility, versatility, and equipment utilization 
between departments. Using the proven concepts of the Burdick CCCC you 
buy the components as you need them. 


For a brochure and additional Supportive data, contact your Burdick 
dealer or write The Burdick Corporation, Milton, Wis. 53563. 


BURDICK 
<M eS ERB 
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“Current abstracts are amplified and illuminated by comments of the mem- 


bers of the Editorial Board, based on their own clinical experiences as well as 
those of other recognized authorities”... just one of the reasons why 
Lippincott’s 


. REVIEW OF 


SURGERY 


helps Resident (special rate only $11.00) and Veteran Surgeon alike to 
keep up with current progress, trends, and attitudes in all branches of 
surgery and the surgical specialties. 





A true saver of precious reading time—from its detailed Contents Pages to 
its meaty reviews, and abstracts especially classified for reader convenience— 
a typical issue includes: 


e Focus—several Reviews of timely or other 
special significance 
e An original Report of major importance 


e Twenty or more Abstracts with Commentary 
(and oft-times, rebuttal) 
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Surgical Intervention for the Complications 


of Acute Myocardial Ischemia 


E. D. MUNDTH, M.D., M. J. BUCKLEY, M.D., R. C. LEINBACH, M.D., 


H. K. GOLD, M.D., W. M. DAGGETT, M.D.,* W. G. AUSTEN, M.D.: 


wW CONVENTIONAL MEDICAL THERAPY the com- 
plications of acute myocardial ischemia, includ- 
ing myocardial infarction, impending myocardial infarc- 
tion and recurrent ventricular tachyarrhythmia, are as- 
sociated with a substantial morbidity and mortality.? 11.31. 
38.34.36 Recent clinical experience with urgent surgical 
intervention, including mechanical circulatory assistance 
and myocardial revascularization, has been associated 
with a significant improvement in surviva].13.5.14,21,23,24, 
20,83,04 Although the indications for revascularization 
surgery in the treatment of chronic myocardial ischemia 
are reasonably well defined, selection criteria for opera- 
tion, appropriate timing of surgical intervention and 
methods of surgical management are not as clearly de- 
fined for complications of acute myocardial ischemia. The 
present report summarizes our experience over the past 
4 years with the surgical management of this group of 
patients. 


Clinical Material 


A total of 110 patients were included in this experience 
(Table 1). Patients were grouped into categories repre- 
senting different complications of acute myocardial 
ischemia. In a few instances there was unavoidable over- 
lap between groups because some patients had more 
than one complication of acute myocardial ischemia. To 
avoid duplication, we attempted to group patients ac- 
cording to their primary clinical problem. The clinical 
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categories of acute myocardial ischemic com ne 


were designated as follows: 1) myocardial: infarction: with. a 


cardiogenic shock, 2) evolving myocardial’ infarction, g 


impending myocardial infarction, 4) myocardial -infarc- ..” 
tion with impending extension and 5) refractory ven ag 


tricular tachyarrhythmias (Table 2). 


One hundred of the 110 patients were initially: ade 7 
mitted to the MIRU* Intensive Care Unit and underwent’: 2 


hemodynamic evaluation, diagnostic categorization’ and .* 


initial medical management. Twelve patients .did not `. 


undergo initial hemodynamic evaluation in the MIRU « 
unit but were similarly managed. Hemodynamic evalua- . 


tion was achieved by monitoring the arterial blood pres- o 


sure, pulmonary capillary wedge pressure, central venous 


pressure and serial dye dilution cardiac outputs. Arterial , . 


blood pressure was continuously monitored by a-tadial ag 
artery cannula and the pulmonary capillary wedge’ pres- è 


sure was monitored by the Swan-Ganz flow directed z 


catheter.3® In addition, arterial blood gases, a 12-lead- 
electrocardiogram, urine output, and serial serum CPK, : 


SGOT and LDH enzyme levels were monitored. 
Initial medical therapy for all compliċations of acute 
myocardial ischemia included 1) adjustment of the left- 


sided filling pressures to appropriate levels using: the | 
pulmonary capillary wedge pressure, 2) correction of © 


z 


arrhythmias by use of antiarrhythmic drugs and/or atrial -; 
or atrioventricular sequential pacing, 3) use of inotropic .' 


agents as epinephrine or levarterenol where necessary, 


° Myocardial Infarct Research Unit. _ 
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TABLE `l. Chintcal Aspects of 110 Patients Undergoing Surgery for 
o the Complications of Acute Myocardial Ischemia 


~ Total No. Patients 110 
` Average Age 5i 
(Range i 39-60 
_ Malls: Females : 4:1 
History of Symptomatic Coronary Artery 
Disease 92 (85%) 


.. Percentage of Coronary Admissions to 
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Coronary Care Unit During Same Period 


of Time (4 Years) 110/1280 (8%) 


TABLE 2. Complications of Acute Myocardial Ischemic—I110 Patients 
Myocardial Infarction with Cardiogenic Shock (80) 
Evolving Myocardial Infarction (8) 

Impending Myozardial Infarction (12) 

Myocardial Infarction with Impending Extension (9)* 
Refractory Ventricular Tachyarrhythmias (7)** 


CUR Go No 


* Included are two patients with cardiogenic shock. 
** Included are four patients with cardiogenic shock. 
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Fic. 1. Monitor tracings taken during coronary angiographic study 


`- in a patient with acute myocardial infarction, ruptured ventricular 


septum and severe cardiogenic shock. Note the peak left ven- 
tricular systolic pressure of 50 mm. Hg with diastolic augmenta- 
tion of the radial artery pressure to 75 mm. Hg. by continuous 
IABP during the study, demonstrating the essential supportive 
role of IABP in cardiogenic shock. Reproduced by permission 
from: Gold, H. K., Leinbach, R. C., Sanders, C. A., et al.: Intra- 
aortic Balloon Pumping for Ventricular Septal Defect or Mitral 
Regurgitation Complicating Acute Myocardial Infarction. Fig. 6, 


- Cireulation, 47:1191, 1973. 
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4) correction of respiratory insufficiency by ventilatory 
support, 5) diuresis or digitalization where needed, 6) 
use of nitrates and $-adrenergic blockade with pro- 
pranolol for ischemic recurrence and 7) bed rest, oxygen 
and sedation as indicated. 

In order to achieve hemodynamic support and allow 
safe diagnostic angiographic study, mechanical circula- 
tory assistance using the intra-aortic balloon pump* 
was instituted in 98 of the 110 patients. Some degree of 
diastolic blood pressure augmentation and systolic un- 
loading was achieved in each instance. Complete diag- 
nostic angiographic study including selective cine cor- 
onary angiography and left ventricular angiography was 
performed in each instance. The protective support of 
continuous IABP was utilized during 98 of the 110 stud- 
ies and greatly facilitated safe, complete diagnostic 
study (Fig. 1).1° Following a brief period of stabiliza- 
tion, further surgical intervention was undertaken In 6F 
(61%) of the 110 patients. Results of operation, estab- 
lishment of criteria for patient selection, timing of op- 
eration and determination of effective surgical proced- 
ures are discussed separately within the five different 
diagnostic categories. 


1. Myocardial Infarction with Cardiogenic Shock 


Eighty patients with cardiogenic shock complicating 
acute myocardial infarction comprised this group.’? One 
or more of the following clinical manifestations was pres- 
ent in all patients: 


1) Arterial hypotension with systolic BP < 90 mm. Hg. 

2) Urinary output < 20 cc./hr. 

3) Decreased peripheral perfusion manifested by 
peripheral vasoconstriction and varying degrees of 
mental obtundation. 


An attempt was made to define the severity of shock 
by objective hemodynamic measurement. The stage of 
shock was defined by taking into consideration the left 
ventricular stroke index and pulmonary capillary wedge 
pressure (Fig. 2).?°?7 

Because of persistent cardiogenic shock despite medi- 
cal therapy, IABP was instituted in all of the 80 patients. 
Hemodynamic measurements before IABP were com- 
pared to the peak effect of IABP in 40 patients. IABP 


` accomplished a mean increase in cardiac index of 0.8 


L/min/M? (44%), a mean decrease in the pulmonary 
capillary wedge pressure of 5 mm. Hg (23%) and an 
average increase in mean aortic pressure of 7 mm. Mg 
(10%)1° (Table 3), With periods of IABP varying from 
2 to 10 days, 12 patients initially in cardiogenic shock be- 
came hemodynamically [ABP-independent allowing suc- 





* MGH-AVCO Intra-Aortic Balloon Pump. 
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cessful weaning of the balloon. Ten of these 12 patients 
survived. Ten of the 12 patients were in Stage III shock 
and two were in Stage IV shock. Sixty-eight (85%) of the 
original 80 patients remained IABP-dependent and 
could not be weaned from IABP. IABP-dependence was 
defined as 1) mean aortic pressure < 60 mm. Hg 2) 
cardiac index < 2 L/min/M? and the pulmonary capil- 
lary wedge > 20 mm. Hg with IABP temporarily dis 
continued. The peak hemodynamic effect of IABP ap- 
pears to occur within 24 to 48 hours after institution of 
IABP. Hemodynamic deterioration despite continued 
IABP occurred beyond that time in several instances. 
Angiography was undertaken urgently with the adjunct 
of continuing IABP in 52 patients, Thirty-five patients 
were judged operable and 17 patients inoperable. Oper- 
ability was primarily based upon the presence of a by- 
_ Bassable vessel with adequate run-off in the region of the 
* ischemic myocardium.'”? The left anterior descending 
coronary artery (LAD) was significantly involved in all 
patients and the dominant right coronary artery (RCA) 
in 21. Significant circumflex disease was present in five 
patients but in each instance the circumflex was non- 
dominant and the distal vessels were small. The left ven- 
tricular angiograms uniformly showed a moderate to 
severely dilated left ventricle with severe regional hypo- 
kinesis and/or akinesis. The decision to proceed with re- 
vascularization and/or resection was not uniformly made 
at any given point during the patient’s course. It readily 
became apparent that appropriate candidates for opera- 
tion had an improved salvage when operated upon earlier 
in their clinical course, Of the 16 patients not undergoing 
angiographic study, all died of cardiogenic shock despite 
continued IABP. In each case, JABP-dependence per- 
sisted and the response to circulatory assistance gradually 
diminished. In our later experience, the decision regard- 
ing IABP-dependency was made within 24 hours, when 
possible. With hemodynamic IABP dependence, opera- 
tion was recommended if the angiographic anatomy was 
demed operable. Where operation was refused, IABP- 
dependent patients uniformly died despite continued 
IABP. A total of 35 patients, including 27 patients under- 
going preoperative hemodynamic study in the MIRU 
unit, accepted surgical treatment. Thirty-three underwent 


TABLE 3. Hemodynamic Changes with IABP in Cardiogenic Shock— 
(40 Patents) 


Peak* 
IABP* Effect Per cent 
Off IABP Change 
Cardiac Index (L/Min/M?) 1.8 2.6 144%, 
Mean Aortic Pressure (mm. Hg} 67 74 110% 
Pulmonary Capillary Wedge 
Pressure (mm. Hg) 22 17 123% 





* Mean Values. 
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Fic. 2, Hemodynamic 
staging of cardiogenic 
shock. Reproduced by 
permission from: Lein- 
bach, R, C., Gold, H. K,, 
Dinsmore, R. E., et al: 
The Role of Angiography 
in Cardiogenic Shock. 
Fig. 1, Circulation (In 
press ). 
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revascularization with one, two or three saphenous vein 


coronary bypass grafts, two patients had infarctectomy 


only and revascularization was combined with infarctec- 
tomy in 17 patients (49%). The decision regarding in- 





farctectomy was made at the time of operation. Three. 


factors which have been accepted as indications for in- 
farctectomy are 1) the presence of a paradoxically bulging 
acute aneurysm which appears to interfere with, left. ven- 


tricular dynamics, 2) presence of ‘a thinned Öut. necrotic 
infarct in which rupture apears imminent and’ 3È, Aos: | 


calized infarct associated with recurrent” ventricular ; ars. i 
rhythmias.®?t Rupture of the interventricular septum was: 


4 


present in five patients and the ventricular.septal defect : 
was closed in association with infarctectomy and: vens 


triculotomy closure. A patch was not used in any “ine 
stance. Two of these patients survived. Mitral valve: ter © 


in two patients because of papillary muscle rupture: or. : 


dysfunction and severe mitral regurgitation. Two-of: these 
patients survived. All but four patients in this groups swere % 
in Stage IV cardiogenic shock prior to operation.: “Acute! 
survival and discharge was accomplished in 13 patients: 
(37%) and late survival with follow-up study. ranging: 
from 1 year to 3 years was accomplished in 10-patients ** 


fy 


(29%). Two of the late deaths were due to: ‘coronary: 


artery disease and left ventricular failure, although one 


death was due to an unrelated cause. Of the 52. angio- a 
graphically studied shock patients, 17 were judged iñ-.; 


operable and all died despite continued IABP. 


The mortality, even subsequent to successful weaning ; 
from IABP, was considerable over the course of 1 year: 
follow-up study.1%2° Ten patients became IABP-de-".; 
pendent and were successfully weaned with recovery =’ 
from cardiogenic shock. However, three of the ten . 


patients subsequently had further myocardial infarc- 


tions and died less than 1 year after initial infarction and l 


shock, This has prompted consideration of elective re- 
vascularization, at an interval, in all patients who re- 


covered from myocardial infarction shock with IABP . 


alone. At the present time, only one patient has*been 


™ 


we, 
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“J; Clinical Criteria 


TABLE 4. Selection Criteria for Revascularization in Treatment 
of Atute Myocardial Infarction and Cardiogenic Shock 


‘1. Beneficial response to IABP with objective hemodynamic 
improvement—indicative of potential myocardial func- 
tional reserve. 

2. Hemodynamic dependence on IABP persisting 24 to 48 
hours—plateau of hemodynamic status with cardiac 
index < 2 L/Min/M?, PC wedge > 20 mm. Hg or 


ase _ mean aortic pressure < 60 mm. Hg with IABP tempo- 


rarily discontinued. 

Relatively short duration of shock ( <<12-24 hours). 

Relatively short time interval from onset of MI or 
- extension of MI (<5 days). 


T ABLE 5. Selection Criteria for Revascularization in Treatment of 
Acute Myocardial Infarction and Cardtogenic Shock 


If. Angiographic Criteria 
1. Some vascularity of hypo- or akinetic area of LV wall 
with reconstructible major coronary branch supplying 
area, ` 
2. Reconstructible proximal focal coronary artery disease. 


TaBrE “6. ‘Location of - Evolving Myocardial Infarction, Angio- 
graphic Findings, and Surgical Resulis in 8 Patients 
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A 7 ee 
ae =. fo, 


ac a as ba Angiographic 

. Location , .’ Significant Disease Bypass 

- MI Çomplication -LAD RCA CF Grafts Results 
Ant. V.F., Refractory + LAD S 
“Ant! V.F., Shock + + LAD, RCA D 
Ant: ~~ V.F.,Shock:. . + + + LAD, RCA, D 

© ie CF 

SAnt. VL. + + LAD, RCA S 
‘Post. “Hypotension + + + LAD, RCA > 

= Lat, CF 

‘Inf. “+ Hypotension + +- + LAD, RCA, S 
i ne CF 

‘Inf-.;2 Hypotension + + LAD, RCA S 
«Inf, zs Cont'd. Pain + + LAD, RCA  § 

- Ant. 5. Anterior, Post. Lat. = Posterolateral, Inf. = Inferior, 
"VF: = Ventricular Fibrillation, V.I. = Ventricular Irritability, 


LAD: 


‘Left. Anterior Descending Coronary Artery, RCA = Right 
Coronary Artery, CF = Circumflex Coronary Artery, S = Surviving, 


D = Dead. 


; E co ie way, and has had an excellent result 8 


months-aftér revascularization operation. 
The functional results of surgical treatment in those 
patients who survived generally have been excellent. 


Of the 10 long-term survivors (8 months to 3 years), 


eight have had excellent functional results, being able to 


` work without angina or cardiac failure. One of the re- 
. maining two patients has mild recurrent angina but is 
- able to work and one patient has mild symptoms of 


cardiac failure. Although experience to date indicates 
that a significant number of patients with acute myo- 
cardial infarction and cardiogenic shock can be salvaged 


. by the combined therapeutic approach of temporary 
_ intrfaortic balloon pump assistance and urgent myo- 
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cardial revascularization, selection of patients for op- 
eration and determining the proper timing of these 
therapeutic interventions remains difficult. Continuing 
clinical experience has provided certain guidelines for pa- 
tient selection based upon clinical, hemodynamic (Table 
4) and angiographic criteria!17.21.20 (Table 5). The 


relative time interval that is optimal in terms of making. 


these decisions is not yet well defined. Clinical experi- 


«xift 


ence, as well as laboratory study,!? has suggested that — 


expediency is important. The earliest possible time when 
revascularization can be performed should provide the 
greatest benefit to the ischemic myocardium and pre- 
vent extension of infarction and subsequent progressive 
left ventricular functional impairment. 


2. Evolving Myocardial Infarction 


Eight patients with evolving myocardial infarctjon 


precipitated at the time of coronary angiography were~ 


operated upon urgently and underwent coronary artery 


revascularization. All eight patients were believed to have. 


coronary artery disease and because of increasing angina 
were being evaluated for consideration of elective re- 
vascularization surgery. Although symptoms of angina in 
four of the patients increased in frequency, none were so 
unstable as to be classified as having impending infarc- 
tion prior to catheterization. The electrocardiograms in 
each patient showed no evidence of acute or evolving 
changes prior to angiographic study. In four patients, 
dissection of a major coronary artery occurred which 
involved the main left coronary artery (LCA) in one 
patient, the left anterior descending coronary artery 
(LAD) in two and the right coronary artery (RCA) in 
one. A particulate embolus to a major coronary artery 
(both LAD) and suspected spasm or temporary catheter 
occlusion of the RCA was thought to be the mechanism 
which produced ischemia in the remaining four patients. 
All patients complained of angina and did not obtain 
immediate relief from nitroglycerine or morphine. 


. Electrocardiographic changes of ischemia appeared in 


association with pain and evolved into an early infarct 
pattern in the distribution of the involved vessels. All 
eight patients developed ventricular irritability and three 
developed refractory ventricular fibrillation requiring ex- 
ternal cardiac massage. These three patients were rushed 
to the operating room with continuing external cardiac 
massage, placed on cardiopulmonary bypass and coronary 
artery bypass grafts were constructed to significantly dis- 
eased vessels. One of these three patients survived (LCA 
dissection with LAD bypass) and is well 2 years after 
operation. It is noteworthy that the remainder of this 
patient’s coronary artery system was grossly normal. The 
two patients that died could not be discontinued from 
cardiopulmonary bypass. The remaining five patients 
were operated upon from within 3 hours to 48 hours 


7 


N 
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after the complication occurred. All five patients demon- 
strated some complications of the ischemic injury. Three 
patients became marginal hemodynamically with mod- 
erate hypotension, vasoconstriction and decreasing urine 
output; one patient continued to have episodes of ven- 
tricular tachycardia and the other had continuing pain. 
All underwent 1, 2 or 3 bypass grafts based upon the 
extent of each individuals coronary disease (Table 6). 
All hemodynamically significantly involved major coro- 
nary arteries (luminal narrowing > 75% normal diam- 
eter) were bypassed as well as the involved vessel. All 
five patients survived and have had excellent results 
without angina or cardiac failure. In two of the five pa- 
tients, a small transmural infarction continued to evolve 


- based on electrocardiographic changes in the early post- 


operative period. 

Based upon this experience and that of others,3?,3738 
we would recommend urgent coronary arterial revascu- 
larization in this group in which the coronary anatomy is 
defined and there is an opportunity to avert the progres- 
sion to major myocardial infarction. In particular, urgent 
revascularization surgery is indicated in those patients 
who have developed hemodynamic difficulties, refractory 
ventricular irritability or clinical evidence of an extend- 
ing infarction. 


3. Impending Myocardial Infarction 


Certainly, much of the controversy related to indica- 
tions for urgent revascularization surgery in this group 
is related to the difficulty of defining the syndrome of 
impending infarction. In puristic terms, the diagnosis 
can be made only in retrospect. However, clinical stud- 
ies have well documented an intermediate syndrome of 
acute coronary insufficiency which, if prolonged, pro- 
gresses to frank myocardial infarction.? 542° Twelve pa- 
tients, over the past 2 years, were classified by the clini- 
cal criteria recently accepted by a cooperative MIRU 
study as having impending myocardial infarction and 
were treated surgically, The criteria used for definition 
of impending myocardial infarction were 1) pain which 
lasted longer than 30 minutes, 2) electrocardiographic ST 
and T wave changes of ischemia associated with one or 
more pain episodes and 3) no evidence of evolution of 
infarction by serial electrocardiograms or enzymes. There 
were 10 men and two women. All 12 patients had had 
previous angina and in most, there was a recent history 
of an increase in frequency and severity of angina prior 
to the episode. There was a history of a previous myo- 
cardial infarction in seven and the majority were ad- 
mitted to the coronary care unit to rule out evolving myo- 
cardial infarction. Recurrent episodes of severe coronary 
insufficiency occurred in each patient during hospitaliza- 


y’ tion despite medical management including bed rest, oxy- 


„gen, nitroglycerine, isosorbide dinitrate, propranolol and 
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sedation. Hemodynamic studies in these patients before, 
and during an episode of pain clearly demonstrated an‘ 
acute rise in mean aortic pressure and of the pulmonary ` 
capillary wedge pressure (PCWP) during pain, associ- 
ated with a slight reduction in cardiac index.” Durimethħe 
episodes of pain the PCWP frequently increased to > 25 
mm. Hg with dyspnea, sweating, vasoconstriction and 
ventricular irritability. Because of the marginal hemo- | 
dynamic status of these patients and the risk of coronary 
angiography with ongoing myocardial ischemia, IABP 
was introduced in 11 of the 12 patients. IABP effectively 
abolished pain, reversed electrocardiographic ST and T 
wave changes of ischemia and improved the altered 
hemodynamics in nine of the 11 patients undergoing 
IABP preoperatively (Fig. 3). In two patients, IABP 
significantly reduced pain and the electrocardiographic. 
changes of ischemia but did not abolish them. Pain and/ | 
or electrocardiographic changes of ischemia reappeared. 
with temporary discontinuation of IABP in six patients. 
In one patient, pain and ECG changes of ischemia per- 
sisted despite IABP, nitroglycerine and propranolol and 
revascularization was undertaken urgently..:Complete 
angiographic study was carried out safely in all patients 
and surgical revascularization was .advised. In one pa?. 
tient, IABP was not instituted prior to study because of 
failure to recognize impending myocardial “infarction. 
Anesthesia was complicated by hypotension and ven- ` 
tricular arrhythmias, requiring institution, of, early cardio-": 
pulmonary bypass. IABP was required to hemodynami::. 
cally stabilize the patient coming off cardiopulmonary- 
bypass. Revascularization was carried out without com- 
plication in the remaining 11 patients, with 12 survivors. 
Operation was performed within 24 to 96 hours from 
the episode of prolonged pain ‘but was not consideted: 
an emergency. The LAD was involved with ‘significant: 
disease in all patients and the RCA in nine. One, two-0r... 
three bypass grafts were constructed to significantly 
diseased major coronary arteries in each instance.” In. 
this group of patients, postoperative electrocardiograms. 
indicated no progression of ischemic changes to infarc- . 
tion and at the time of discharge, there were only-non: ; 
specific ST and T wave changes present in some patients. 
At follow-up study ranging from 2 months to 1% years, ` 
nine patients are completely free of angina. Angina re- - 
curred in three patients, to a mild degree in two and. 
moderately severe in one. The latter patient underwent 
angiographic restudy which demonstrated an occluded 
LAD graft and a patent RCA graft. Reoperation was 
performed with construction of a new LAD graft. Tniis 
patient remains free of angina 4 months following the. 
second procedure. | 
The use of IABP has clearly facilitated management 
of this critically brittle group of patients in terms of safe 
angiographic study and safe induction of anesthesf:.1* 
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Fyc."3, Reversal of acute myocardial ischemia in a patient with impending myocardial infarction. Within 3 minutes of discon: 
tinuing IABP, the patient experienced pain with more marked depression of ST segments and a rise in PC wedge pressure to 
>20 mm. He. Resumption of IABP reversed the pain; the ischemic ECG changes and the PC wedge pressure returned to 
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12 mm. Hg. 


Revascularization surgery in this group of patients with 
acute myocardial ischemia has proven to be effective and 


of no greater operative risk than elective revascularization 
2 surgery.?-3%,34 


4. Myocardial Infarction with Impending Extension 


Recurrent pain of myocardial ischemia in the recovery 
phase of acute myocardial infarction may presage ex- 
tension :of. the infarction with subsequent hemodynamic 
deterioration and increase in mortality. Nine patients with 
. acute, myocardial infarction developed recurrent ischemic 
“pain associated with significant new ST segment changes 
: of severe ischemia 5 to 7 days after onset of myocardial 
‘infarction. Similar to patients with impending infarction, 


i P medical therapy including short and long acting nitrates, 


” B-blockadeé with: propranolol, oxygen, sedation and mor- 
* phigle failed'to control the ischemia. The established in- 
, farction was anterior in location in five patients, and 


a “inferior. in four. In°all of the patients studied, there was 
oe ‘signifficaint hemodynamic deterioration in association with 
-a ischémia The pulmonary capillary wedge pressure 


(PEWP), rose significantly in each patient, and two pa- 


: “tidnts “developed progressive hypotension with eventual 


„j oardiogenió shock. In the latter two patients, the cardiac 
= index wàs greatly reduced. Intra-aortic balloon pumping 
Was. started within 24 to 48 hours from the onset of re- 
'ċurrent ischemic pain. IABP abolished pain and improved 
ae in each patient. This included a rise in 
“arterial blood pressure, a reduction in PCWP and in- 
 eréase in cardiac index. Pain and ST segment changes of 
ischemia reappeared within 10 minutes of stopping IABP 


in six: patients and were again reversed by a further 
_ period on IABP. This suggested a strong dependency on 


h ad 


IABP to redtice the left ventricular work load and to 
prevent myocardial ischemia.1?-4 

Coronary angiography was performed without com- 
plication in eight instances with the adjunct of continued 
_JABP, In one patient, early in our experience, angiogra- 
phy was performed without IABP and the study was 
complicated by ventricular tachycardia, hypotension and 
new infarction. The arteriographic findings in this group 


` infficated that occlusive disease was not only limited to 


the artery with distribution to the infarct but involved 
the other major coronary arteries as well, and jeopardized 
the collateral flow to the infarcted region or to the op- 
posite left ventricular wall. The left anterior descending 
and right coronary arteries were significantly invglved 
in all nine patients, the circumflex, in two patients an@ 
the main Jeft coronary artery in one. Left ventricular 
angiography revealed extensive akinesis of the antero- 
lateral wall and apex in the two patients who developed 
cardiogenic shock and marked hypokinesis of the an- 
terior wall was present in two other patients with severe 
ventricular functional impairment. 

In the first two patients in this series, cardiogenic 
shock ensued before IABP was started. The shock state 
was resolved by IABP, but both patients developed re- 
current pain associated with hemodynamic deterioration 
on temporary interruption of circulatory assistance and 
urgent revascularization was carried out. 

Saphenous vein bypass grafts were constructed to both 
the distal right coronary and left anterior descending 
coronary arteries in seven patients and a triple graft was 
done in the remaining two patients. In one of the latter 
patients who sustained a fresh infarction during cath- 
eterization, infarctectomy was combined with the triple 
graft but the patient could not be weaned from cardio- 
pulmonary bypass. The other death in this series oc- 
curred as a result of unexplained postoperative acute 
renal failure. Seven patients survived and are free of 
angina from 2 months to 1% years postoperatively. — 


5. Refractory Ventricular Tachyarrhythmias 


Life-threatening ventricular tachyarrhythmias are rela- 


tively common after myocardial infarction and may recur 


despite medical therapy. Seven patients with medically 
refractory recurrent ventricular tachyarrhythmias after 
myocardial infarction were operated upon in the acute 
post-infarction phase, less than 6 weeks from the time of 
infarction. Medical therapy included the use of multiple 
antiarrhythmic agents, electrical countershock and over- 
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drive pacing. The average interval from onset of myo- / 
cardial infarction to onset of ventricular irritability was s, 


12 days and medical management was continued an, 
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average of 20 days prior to operation. Four patients were 
hypotensive and intermittently in shock prior to opera- 
tion. The pulmonary capillary wedge pressure was ab- 
normally elevated in all seven patients and was over 20 
mm. Hg in the four hypotensive patients. IABP was 
initiated preoperatively in the latter four patients with 
hemodynamic improvement. Although the frequency of 
ventricular tachyarrhythmias decreased with IABP, epi- 
sodes of ventricular tachycardia continued to occur.” 
Coronary angiography revealed the left anterior descend- 
ing coronary artery to be significantly involved in all 
seven patients, the right coronary artery in six patients 
and the circumflex, in two. Direct coronary arterial re- 
vascularization and/or resection of a left ventricular 
aneurysm or infarctectomy was performed in each pa- 
tient. Six of the seven patients in the acute group under- 
went resection of the recent infarction and this proced- 
¢ ure was combined with revascularization in two. In the 
remaining patient, revascularization only was performed. 
IABP was instituted at the time of operation or early 
postoperatively in the three patients that did not require 
assistance preoperatively. In all instances IABP was con- 
tinued a minimum of 2 days postoperatively, with a range 
from 2 to 6 days. Significant hemodynamic assistance was 
gained in each instance evidenced by a reduction in mean 
left atrial pressure, augmentation of diastolic blood pres- 
sure with a corresponding decrease in peak systolic pres- 
sure and increase in cardiac output. IABP was weaned 
in the postoperative period when it was apparent the 
patient was hemodynamically stable and no longer IABP- 
dependent. 

Four patients survived and three have had excellent 
clinical results without ventricular irritability, angina or 
cardiac failure on follow-up stuly ranging from 3 to 24 
months. One of the four patients continues to have ven- 
tricular irritability and cardiac failure necessitating anti- 
arrhythmic agents, digitalis and diuretics. Antiarrhythmic 
agents have not been required in the asymptomatic 
group. 

Discussion 


The clinical manifestations of acute myocardial 
ischemia depend upon the duration and severity of 
ischemia and the extent of myocardium involved. Brief 
episodes of acute myocardial ischemia are usually man- 
ifested as anginal attacks and although, when frequent, 
are symptomatically disabling are not associated with a 
serious threat to life. An increase in duration or severity 
of ischemia may lead to myocardial cellular death and 
infarction with a resulting increase in morbidity and mor- 
tality rates. Death from myocardial infarction is estimated 
to be 30 to 40% with about half of the deaths occurring 
before hospital admission.” The rate of hospital mortality 
of 15 to 20% is primarily related to complications of 
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cardiogenic shock and ventricular arrhythrnias.**.*? 3]- 


though continuous monitoring in coronary care finits ant 


careful medical management has reduced death from a 
rhythmias, it has had little effect on the rate ef mortality - 
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from cardiogenic shock and progressive left veraagelar | 
failure. Clinical studies have shown that frequently there 


is an identifiable progression from severe ischemia to 
infarction, to extension, and eventually, left ventricular . 
failure. The occurrence of a transmural myoéardial in- * 
farction, with involvement of a substantial portion of the | 
left ventricle, often causes a decrease in cardiac output - 


and arterial hypotension. The reduction in coronary per- | 


fusion pressure further diminishes the anatomically re- 


stricted coronary blood flow and may, in time, add to the: 


original ischemic injury by extension of the infarct 
initiating a vicious cycle of events. Page et al.?” have 
demonstrated irregular and scattered areas of necrosis 
throughout the left ventricle, histologically of varying 
ages in patients dying of cardiogenic shock. This was 
interpreted as evidence of progressive extension of the 
initial infarction, which ultimately resulted in, a left, -ven- 
tricular power failure and death. ee 

The use of inotropic agents in the treatmient of acute | 


myocardial ischemic complications may. result in in-, 


creased ischemia due to the increased myocardial oxygen, 


demand, induced by the inotropic agent when’ oxygen: 


delivery cannot be improved. Maroko et al.2° have shown, ; 
that the use of inotropic agents may actually increase the. 
size of an experimentally produced i infarct, although the. 


initial effect was to increase myocardial contractility.“ ‘and: 
augment arterial blood pressure. Beta- -adrenergic | block: 
ade with propranolol has reduced the size of-an : experi. f 
mentally produced infarct? but may be difficult’ ‘to sé: S 


clinically in patients with acute myocardial infarction: 
because of subsequent decrease in myocardial ° contrac- 
tility producing hypotension and oe Jet: ven” ? 


+t 
“2, 


tricular failure. ee 

Mechanical circulatory assistance, achieved y mitras” 
aortic balloon pumping, effectively decreases. :myo..: 
cardial oxygen requirements by reducing after-load, aug- 


menting coronary blood fow in the ischemic heart: 18,28 
As illustrated by the clinical experience in the present. re! 


port and a previous report by Gold et al? acute myo- ` 


cardial ischemia can be reversed effectively by IABP. 


However, discontinuation of IABP resulted in a prompt _ 


recurrence of ischemia in the majority of patients. There 
has been no evidence from our experience that a period 


of circulatory assistance decreases the propensity for re- ` 


current ischemia or increases the threshold of ischemia: 
Although experimental studies have shown that IABP 

can reduce the size of an experimentally produced infarct 

if applied early,’® there is as yet no clear evidence that 


IABP can reduce the size of infarction in the clinical . 


setting. There is evidence, however, that the institetion 
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oks[ABP eaily in the course of an acute myocardial in- 
arction” may minimize infarct extension.’ It also has 
been evident from our experience that IABP can inter- 
rupt the progression of acute myocardial ischemia al- 
pea safe, complete angiographic study and provide a 
< margin £ safety during induction of anesthesia and op- 
` eration. 
The logic of coronary artery revascularization for acute 
. myocardial ischemia without infarction is obvious. There 
- has been legitimate reason, however, to question revascu- 
-larization for actual infarction with the possibility of 
worsening ventricular function due to hemorrhage and 
edema in the infarcted area and the adjacent myocard- 
ium. Reperfusion studies in experimentally produced in- 
farctions suggests that the size of the infarct can be re- 
duced by coronary reperfusion within 6 hours of the 
time of coronary occlusion.1®? Clinically, when the 
actual time of occurrence of acute ischemic injury can 
be identified, it is possible to undertake revascularization 
during the first few hours of evolution of the myocardial 
infarct with the hope of reversing the gradual process of 
‘myocardial: cellular death. When the ischemic injury oc- 
curs during angiographic study, early surgical interven- 
_tion is facilitated by virtue of having the coronary angio- 
gram available. Successful early revascularization was 
attained in six of eight patients in our experience with re- 
= versal of the evolving infarction in four, Scanlon et al.3° 
= and Smuillens et al.52 have reported similar results. Identi- 
ion ofan. evolving myocardial infarction in the clini- 
cal setting; but not during catheterization study, is more 
: difficult. Inv this situation, where indicated because of 
` hemodynamic deterioration, emergency coronary angio- 
graphic study and revascularization should be carried 
out in as short-a time span as possible. Cheanvechai 
et “ak ate teported experience with 24 patients operated 
“upon, within 4 to 10 hours after onset of acute infarction 
žywith: ‘orily one death in a patient who developed cardio- 
“genic shock preoperatively. 
_- Somè“ experimental evidence has suggested that re- 
_ vascularization of an infarct beyond 6 hours may be detri- 
mental to left ventricular function.+® However, patho- 
logic study of the 22 hearts of patients who did not 
‘survive revascularization for cardiogenic shock in the 
present series revealed only three instances of hemorrhagic 
infarct. It was evident from the onset that acute revascu- 
larization in such patients was oriented toward improved 
` perfusion of the adjacent ischemic peri-infarction zone 
of myocardium and was not intended to reverse an estab- 
lished infarct. As shown by Cox et al.” it is this zone of 
.-myocardium that may remain ischemic and progress to 
., extension of the infarction. Although IABP temporarily 
` may prevent extension of an infarction into the original 
- peri-infarction myocardial zone, more definitive therapy 
to ifM prove perfusion of this zone appears to be indi- 
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cated in the majority of patients with acute myocardial 
infarction and cardiogenic shock.1%??.25.29 From our 
earlier experience, survival with IABP alone for treat- 
ment of cardiogenic shock was little improved compared 
to conventional therapy.’ The improved survival with 
IABP plus urgent revascularization has been encourag- 
ing and indicates the potential effectiveness of this 
method of approach. In analyzing our experience, the 
only consistent and significant factors related to success 
in this group of patients are shown in Tables 4 and 5.417 
The most important and significant factor was the pres- 
ence of some vascularity in the hypokinetic or akinetic 
infarcted area with a reconstructable major coronary 
artery in this location.*? Success can be attained in some 
instances even when the left ventricular angiogram re- 
veals a markedly dilated poorly contracting ventricle. 

It has become apparent from this experience with 
treatment of acute myocardial ischemic complications 
that early surgical intervention is of great importance. 
Intra-aortic balloon pump assistance is effective in tempo- 
rarily reversing acute myocardial ischemia, is minimally 
invasive, causing little discomfort to the patient, and can 
be instituted rapidly within 1 hour of identification of an 
acute myocardial ischemic complication." During the 
4-year period of this study, the intra-aortic balloon could 
not be inserted, due to occlusive aortoiliac disease, in 
only four additional patients with complications of acute 
myocardial ischemia. IABP has proven to be hemody- 
namically effective and safe with only six identifiable 
complications; aortic dissection occurred in one patient 
and elevation of an atherosclerotic plaque in four pa- 
tients, all of which were not identified clinically but found 
incidently at post-mortem examination; sepsis at the point 
of insertion and hemorrhage occurred in one patient re- 
quiring ligation of the femoral artery and arterial re- 
construction. Thus, it is our policy to institute IABP as 
early as possible in the course of acute myocardial ische- 
mic complication to allow clinical stabilization, safe diag- 
nostic study and urgent operation if indicated. An excep- 
tion to this in our view is the patient with evolving acute 
myocardial infarction with severe hemodynamic deter- 
ioration in whom the coronary anatomy is known from 
previous angiographic study. In this situation, the patient 
should undergo immediate operation. 

This experience with the treatment of complications of 
acute myocardial ischemia also has demonstrated that 
IABP is primarily of temporary supportive value and 
more definitive surgical therapy is usually indicated in 
terms of revascularization surgery. It has become appar- 
ent that expediency is important here, also. Better clini- 
cal results can be expected with earlier definitive inter- 
vention in the complications of acute myocardial ischemia 
which in turn necessitates earlier clinical identification 
and prompt action. 
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Unquestionably, the results for surgical therapy of 
established myocardial infarction and cardiogenic shock 
are less optimal than for treatment of acute myocardial 
ischemia without extensive myocardial cellular death. 
Obviously there are some patients with massive estab- 


lished myocardial infarctions and cardiogenic shock that 
cannot be salvaged by any surgical means other than 


cardiac replacement. However, careful selection can 
identify a significant number of patients who may be 
salvaged by surgical treatment from a virtually hopeless 
prognosis with conventional therapy. 


Summary 


One hundred ten patients with complications of acute 
myocardial ischemia underwent surgical treatment in- 
cluding 80 patients ‘with myocardial infarction and cardi- 


“ogenic shock, eight patients with evolving myocardial 


infarction, 12 patients with impending myocardial in- 
farction, nine patients with myocardial infarction and 


| impending extension and seven patients with post-infarc- 


t 


| tion refractory ventricular tachyarrhythmias. 

JABP has been shown to temporarily reverse acute 
myocardial ischemia and has been an important adjunct 
in the management of these patients, IABP has been 
shown to..be hemodynamically effective, minimally in- 
vasive and relatively safe. 

Definitive revascularization surgery was performed in 
35 patients in cardiogenic shock of whom 13 survived 
(37%). Six of eight patients with evolving acute myo- 
cardial infarction survived revascularization surgery and 
remain well. Twelve patients with impending myocardial 
infarction have undergone revascularization with no 
deaths and excellent late results. Seven of nine patients 
‘with acute myocardial infarction and impending exten- 
sion survived operation and remain well. Four of seven 
patients with post-infarction refractory ventricular 
_tachyarrhythmias survived operation and three of the 
four remain free of ventricular irritability, angina or 
cardiac failure. 

Prompt identification. of complications of acute myo- 
cardial ischemia and early surgical intervention is recom- 
mended for selected patients. Significant salvage and 
“Symptomatic improvement in this critical group of pa- 
tients can be expected. 
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a BT ata DISCUSSION 


Z DR. af M. MartorF (Los Angeles): Our experience at the 


Cedars-Sinai Medical Center with similar types of patients has 


been. based on a somewhat different protocol in that we have 


felt that early, direct revascularization surgery has the most to 


‘ offer. As soon as these patients are identified, they are taken di- 


‘rectly to the catheterization laboratory and then to surgery with- 


- gut taking the time to institute mechanical support along the way. 
‘oviCan-I have the first slide, please. We have now seen 86 pa- 
` tients in our COU with preinfarction angina. Identical criteria 
“werfe used to define these patients. They have been separated into 
“two non-randomized groups, as a function of the mode of ther- 
‘apy chosen. Twenty-nine were treated medically by a number of 
‘physicians; there were 11 deaths within one month of hospital 


6 


e 
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admission for a mortality of 38%. Overall, 57 patients had their 
preinfarction state terminated by surgery. There were 3 deaths 
(5%) in this group. Twenty-one of the 57 patients treated sur- 
gicalfy were considered to be complicated by virtue of occurrence 
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of a major complication prior to the time they were operated; 
they experienced 28 instances of progression to infarction with 
continuing pain, ventricular fibrillation or tachycardia, complete 
heart block, congestive heart failure or hypotension, This group is 
thus comparable to the type of complicated patient that Dr. 
Mundth has identifed. Two of our three surgical deaths were in 


this group. 


In regard to patients in cardiogenic shock; we have now op-- 
erated 12 such patients. Eight patients had no other mechanical. 


defect than the large akinetic area corresponding to their acute 


ischemia. Each of these 8 had at least a left anterior descending . 


aortocoronary vein bypass graft without resection of the infarct. 
The 6 who survived were operated within four hours of the onset 


of shock. There were 4 other patients who had been in shock . 


for much longer periods of time, up to two weeks; these 4 each 
developed a mechanical defect 3 to 7 days after their acute in- 
farction and the onset of shock coincided with the development 
of this hemodynamic burden. Despite combinations of infarctec- 
tomy, aneurysmectomy, mitral valve replacement and bypass, there 
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‘were no survivors in this group. (Slide) Not only is survival in- 

' fluenced by how soon these patients are operated, but postopera- 
tive left ventricular functional status is also influenced. If we look 
at left ventricular function as measured by calculation of ejection 

\ fraction preoperatively and postoperatively, we have noted that 
in patients with normal preoperative function it can be anticipated 

è that function will be normal postoperatively. Similarly, those with 

| depressed preoperative function will improve significantly after 

successful surgery. These findings hold only if the patient 
does not experience acute infarction either just prior to or during 
surgery; in the latter instances the patient may survive but his 
left ventricular function is much worse postoperatively. Obvi- 
ously, this is also true of the patient with infarction and shock 
who is bypassed and survives. (Slide off). . 

On the basis of these experiences we are encouraged to be very 
aggressive with early revascularization in patients with acute 
cardiac ischemia. Such therapy seems to have significant advan- 
tages in relation to survival and to preservation of left ventricular 

$ function. 


Dr. Davin C. SasisTonN, Ja. (Durham): Dr. Mundth and his 
rolleagues are to be congratulated on these fine and innovative 

dies. Moreover, the manuscript contains much additional data 
which add further to the importance of this work. 

At present, the most frequent indication for myocardial revas- 
cularization is intractable angina pectoris. In the data which you 
have just heard, a series of 110 patients with serious and critical 

' complications of myocardial infarction in addition to angina are 
- reviewed. The authors are to be especially commended for mak- 
ping the series all inclusive since its initiation. I should like to 
onfine my remarks to one aspect of the problem, that is those 
‘atients with myocardial infarction and intractable shock. 

It is now well recognized that prior to the development of 
roronary care units the mortality of patients with acute myo- 
rdial infarction who actually reached the hospital was about 
0%. The role of the coronary care unit in reducing this death 
rate by:approximately 50% in nearly all centers has been impres- 
sive:-An analysis of the patients whose lives were spared shows 
. that they were primarily those with serious arrhythmias which 

formerly caused death. Today, the majority of these patients, pri- 
ir as a result of continuous monitoring, can be converted 


























ther by electric shock and/or pharmacologic therapy. 
| |The remaining mortality of 15% is comprised primarily of those 
Btients with refractory shock following acute myocardial infarc- 
n, which is often termed “left ventricular power failure.” These 
patients in whom the condition simply cannot be reversed by 
armacologic or other non-surgical means. 
tudies in our laboratory of experimental myocardial infarction 
which coronary blood fow has been measured by radioactive 
nicrospheres have convinced us that coronary blood flow is con- 
siderably increased in the area of myocardial infarction during 
intra-aortic balloon pumping. In this study which we have just 
" heard by Dr. Mundth, the value of this procedure is also demon- 
started clinically, especially if followed by a bypass graft to the 
coronary artery distal to an obstruction or, in some cases, correction 
| flan acquired ventricular septal defect or of mitral insufficiency. 
n immediate survival in these patients in their series of 37% 
ind a long-term survival of 29% is a remarkable achievement, 
aspecially in these very ill patients. These fine studies should 
timulate us all to a further attack upon.this basic problem of 
actable shock following acute myocardial infarction, which for 
') long has largely resisted other therapeutic approaches. 
‘inally, there is a difficult question which I hope Dr. Mundth 
will comment upon and that concerns the possible role of ran- 
domized studies in such problems. 







R. Watrs RANKIN Wess (Syracuse): Dr. Mundth, Dr. Austen 
andj their associates are certainly to be commended on this excel- 
‘ant work, They have provided pioneering leadership in the man- 
agement of the acutely ischemic heart. I would like to emphasize 
couple of their concepts. 
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We hoped that counter-pulsation and early revascularizatiens 
and other corrective surgery would be a very major hel) in the’ |. 
patient with cardiogenic shock. This. has been true, of course, in a *, 
few who have been salvaged who otherwise would have cers. = 
tainly died. a 3 : 

But the results reported here and those of our own MP d ; 
have shown that this group in cardiogenic shock is 4 wéry des- 
perate salvage group, usually with multiple vessel disease and 
usually with previous multiple infarctions. The patient with mul- 
tiple vessel disease and his first infarction rarely dies from shock. | 
He may die of arrhythmia but he usually does not go into shock. 

Most of these people in cardiogenic shock have very little viable 
muscle to carry on a pumping action regardless of the corrective 
vascular surgery that needs to be done. Thus, the overall salvage 
that has been achieved here is most impressive. 

On the other hand, the preinfarction group usually consists of 
patients with good hearts. They often will have one vessel dis- 
ease, two at the most, and often without a previous infarction. 
These are often the younger patients showing angina for the first 
time or only a recent extension of some minor angina. This, I feel, 
is a group in which we should be much more aggressive. -. 

Over 60% of the cardiac deaths in this country occur outside the 
hospital and many are in this group with relatively short pre- 
monitory periods of angina, which have been treated by landeri 
medical measures, which may mean being considered relatively 
unimportant by the physician. 

Indeed, these are usually the patients who die of sudden ar- 
rhythmias on the golf course, in the bank lobby, in the cold parts 
of the country shovelling snow or perhaps here in frustration in 
the smog of the Los Angeles Freeway! But we feel that in any, 
patient the onset of the angina, or any change in angina, is-an `, 
indication for a complete study and probably ‘early revasculariza- }\ 
tion. Like several ee we have found that urgent surgery for“. 
the preinfarction syndrome is safe and rewarding. __. yee 

Of 26 patients that we have now seen—all proved -by arteriosi. 
grams to have 75% occlusion of at least one majör vessel—four -i 
were not operated upon. These four had infarctions. and two, oft": 
them died which, if nothing else, proved the accuraéy” of: our <.; 
cardiologists in diagnosing this condition, 9. LGF O ta 

The other 22 underwent operation, all survived and modst-of.-- 
them have returned to their previous occupations, One‘had a noh- ` 
fatal infarction some 3 months later in a different vessel: but his .‘:; 
graft proved to be patent. a facies Bee 

We feel that the use of the balloon assist in these. patients*with © 
an impending infarction, as reported by Dr. Mundth,certainly — 
adds a most useful diagnostic and therapeutic tool: Those who. 
are relieved of ischemia are then converted to an eléctive?status <3: 
for study and possible operation at a later date. If they/do not: 
respond, immediate study and operation remain very urgent; p 32". 

Our work with Dr. Sugg and Dr, Cook some years ago; showed” `“ 
that counter-pulsation can reduce the size of an infarction sec-.% 
ondary to ligation of a coronary artery at least experimentally and ™- 
this has been confirmed and extended by Dr. Eugene Braunwald “i 
and others. os 

It may well be that the next major advance will be some form `: 
of counter-pulsation, preferably non-invasive, in all patients within 
the very first 2 hours after suffering a myocardial infarction. 

If this proves to be of the same value clinically as it is experi- 
mentally, this can preserve a great deal of viable muscle and 
perhaps prevent the fibrotic, non-contractile end-stage heart that 
we see all too often. a 

Dr. Jonn Y. Tempreron, HI (Philadelphia): Mr. Chairman, I. ~ 
wish to comment briefly upon the value of myocardial metabolic’ . 
studies in the surgical treatment of patients with impending, 
evolving or progressing myocardial infarction. 

We have now operated upon some 80 patients who have been 
followed in this protocol at Jefferson now. Initial identification of 
these patients is by the criteria which Dr. Mundth has mentioned 
in his paper, which I think are conventional. 

Myocardial metabolic studies are then done by sampling of 
coronary sinus blood. oe 


4. l 


»~Comparison of CPK’s between the coronary sinus and systemic 
‘venous Mood and lactate, between the coronary sinus and systemic 


arterial blood affords one an opportunity to make an objective 
-evaluation of the status of myocardium that we regard as being 


+ + 


Yegy helpful. i w 
Moiese studies can be done with a high degree of safety. They _ 
gh deg ty y 


are ‘dorg rather conveniently by our medical cardiologist in the 
-cardiac care area and we have not noticed deleterious effects on 
the patients as a result. 


-g If these studies indicate the presence of viable ischemic myo- 


seardium, hen one can proceed immediately with visualization of 
‘the coronary artery and appropriate operation. 

We believe this affords an objective means of selecting patients 
for emergency operation. It gives one the assurance that there’ is 
indeed ischemic :nyocardium present in which function might be 
‘expected:to improve if one can repair the coronary arterial flow, 
but also permits one to reject as an emergency a patient who does 
not have objective evidence of ischemia. : 


Dr.E D: Munpr (Closing): In answer to Dr. Sabiston’s 
-question; it has beén difficult for us-throughout this experience to 
organize a randomized study. In regard to internal controls, it is 
important, to. Hote that the majority of shock patients in our series 
were in stage~4, shock; defined as a wedge pressure greater than 
20 mm. Hg ‘and’ the..product of the stroke index times the mean 
aortic. pressure.Jess than 1200. We have found that the expected 
mortality of this group'is near 100%. 

For example; all 16 patients not undergoing angiographic study 
in our eafly: séries -died despite continued balloon pumping. Of 
the 52 patients undergoing angiographic study, 17 did not un- 
' dergo operation ‘and all died, six patients died during preparation 
for operatioyi; and another two patients refused operation where 
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the situation was deemed operable, and both died. These deaths 
occurred despite continued balloon pumping. The-remaining nine 
patients were thought to be inoperable angiographically and all of 
these patients died. Although a controlled randoni. study was not 
carried out, we feel the observed salvage in the operative group- 
represents a significant increase in survival in this group of pa-. 
tients. Nevertheless, we would like to institute some randomiza- 
tion in selected patients to try to prove this point, particularly as 
related to surgical intervention at various time intervals after in- 
farction. The answer as to how late after infarction that surgery will 
be effeztive is not known. ‘A is E 

I would like to also point out that all patients with acute myo- 
cardial ischemia in this series, including the impending infarction 
group, failed to respond to aggressive medical therapy before sur- 
gical intervention was undertaken. Medical therapy in these pa- 
tients included the use of short and long acting nitrates, bedrest, 
oxygen, morphine and in most cases, the use of beta-blockade 
with Propranolol. Also, the majority of patients demonstrated per- 
sistent and progressive acute myocardial ischemia which could 
only ke controlled temporarily with balloon pumping so that de- 
finitive revascularization surgery was necessary in the majority of, 
patients, ; 

Dr. Templeton’s experience with myocardial metabolic studi:, 
provides another important and interesting aspect of the evalu;’ 
tion and selection of appropriate patients for study. z 

Dr. Webb’s experience appears to be similar to our own and 
appreciate hearing about Dr. Matloffs very excellent experienc ' 
particularly with the preinfarction group. 

Our general attitude regarding the use of circulatory assistar 
is thet it indeed does give us a greater margin of safety and ` 
our experience has facilitated more optimal care of this diflic, - 
group of patients. : 
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